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The revision of the general table of the Weather Bureau 
Climatological Data according to sections rather than on 
a State-wide basis, effective January 1, 1936, presented an 
excellent o ee. to reexamine precipitation data for 
the Great Plains section. 

It was possible to extend the data to a uniform 50-year 
period from 1887 to 1936, in those cases where the original 
data did not cover the above period. Extrapolation of 
data was performed cautiously and extensions were made 
with care, but it must be realized that data for some early 

riods are based on fewer stations than in later years. 
it is believed, however, that the data are homogeneous as 
near as it is practicable to make them and comparisons 
drawn therefrom may be accepted as accurate to a close 
approximation. 

Precipitation data have been computed for long-time 
trends for individual stations in the Great Plains region 
and several trend studies have been made on a State-wide 
basis. The subdivision of the six major States of the area, 
from North Dakota southward, gave an opportunity to 
study the climatic aspect of various sections separately. 

An interesting feature of the study is the inadvertent 
checking of the uniformity of the subdivisions from a 
climatological viewpoint. It is well known that the 
natural vegetation and soils of the Great Plains do not 
conform to the arbitrary divisions of the States. A casual 
comparison of the natural vegetation map with the soil 
type map (1) indicates a close relationship between them. 

at could be more natural than to assume a causal rela- 
tionship with the climate? Thornthwaite (2) develops 
this more fully and an examination of his maps of climatic 
years indicates a close relationship. 

The actual eastern boundary of the Great Plains has 

variously described and is uncertain. Numerous 
place it at varying intervals from the eastern 
limit of the dark-brown soils, the extent of the short grass 
or the average position of the 20-inch annual rainfall 
isohyetal. In a report to the President, the Great Plains 
committee (3) includes practically all of North and South 
Dakota and Nebraska, roughly two-thirds of Kansas, one- 
half of Oklahoma, and the northwestern third of Texas. 
With these variously suggested boundaries, it is very 
difficult to adjust climatic boundaries to conform as 
closely as practicable to logical limits, 

It is also difficult to secure the exact climatic charac- 
teristics that should be used in differentiating regions. 
Equal annual rainfall has been considered as typifying 
certain regions, while Thornthwaite (loc. cit.) has de- 
velo rainfall indices based on rainfall-evaporation 
resultants. The latter is undoubtedly more significant 
than any single climatic factor, but there are certain 
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phases of the problem, as brought out by him and other 
authors, that should be considered. For example, it is 
noted by Kincer (4) that in considerable areas from 55 to 
more than 65 percent of the warm season precipitation 


20 In Annual lsohyetal (Kincer) 

<== Approxima tecocon Contour(Marschner) 
—-—Western Limit of Chernozem Soils (Marbut) 
—X—Leastern Limit of Short Grass (Shantz) c 


FicurR 1.—Subdivisions of States in the Great Plains region and various natural 
boundaries. 


falls at night. While this may not be significant from the 
viewpoint of total accumulations, the occurrence at a 
time of minimum evaporation is highly significant from the 
standpoint of effective precipitation. 
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Kincer shows also (5) that less than 10 percent of the 
annual precipitation in the Great Plains occurs during the 
winter months (December—February), and that from 40 to 
over 50 percent occurs during the summer months (June— 
August). Included in the same study are a number of 
charts illustrating the average number of days with pre- 
cipitation in varying amounts from 0.01 inch to over 2.00 
inches. It is noteworthy that in the Plains area the num- 
ber of days with precipitation from 0.01 to 0.25 inch vary 
from 40 to 80 days and mostly less than 1 with precipita- 
tion over 2.00 inches. And on still another page is a chart 
showing the percentage of years with 30 consecutive days 
or more without 0.25 inch of rainfall in 24 hours from 
March to September, inclusive. This is probably one of the 
most significant of the various charts as regards the Great 
Plains. The chart indicates that practically all of the 
Plains has such a dry period 70 percent of the time, or 7 
years in 10, on the average, while the western boundary 
usually has such a dry period 90 to 100 percent of the years. 


These significant features all combine to justify the in- 
clusion w, Jefferson (6) of this region in the semi-arid 
zone. ard (7), however, includes much of the Great 
Plains area in the ‘Eastern’ ype, including in his clas- 
sification most of the Great Plains area from eastern 
North Dakota southward roughly to central Texas. 
This division is more or less arbitrarily made on the 20- 
inch mean annual isohyetal and the 2,000-foot contour 
line. Thornthwaite (loc. cit.) also includes roughly the 
same area as Jefferson in the semi-arid zone. 


All these climatic subdivisions, however, only agree ap- 
proximately with the natural vegetation and soil province 
distribution. If we are to accept the theory that natural 
vegetation and soil are a result of long-time climate, or 
rather an accumulation of weather, it is quite possible 
that certain phases have not been included in the climatic 
studies. It may well be that some weather elements, 
such as distribution and intensity of rainfall, should be 
considered. Thornthwaite (8) has already shown in Okla- 
homa that certain patterns of intensities do occur and 
that the erosion of soils may be directly related to different 
intensities of rainfall. 

The frequency of certain amounts of precipitation has 
always had a bearing on its effectiveness. It is axiomatic 
that a large number of slow, relatively gentle rains are 
more favorable for agriculture than a single heavy down- 
pour. It is also well known that precipitation, in general, 
represents what is known as a skewed distribution when 
long-time averages of amounts are considered. The 
median of an array of precipitation data is ordinarily 
found to be somewhat less than the arithmetic mean. 
Also, the mode, or most frequent amount, is generally 
somewhat less than the mean. 

Ordinarily, for well-distributed rainfall, such as in the 
eastern United States, a quite even distribution of the 
data is found, with the median only slightly below the 
mean and the mode slightly below the median. This fre- 
quency distribution might well be termed a “normal” dis- 
tribution. In regions such as the Great Plains, however, 
the greater frequency of dry years or seasons distorts the 
curve considerably, with the median appearing an appre- 
ciable distance ieakane the mean and the mode quite a ways 
below the median. This study of precipitation in the 
Great Plains has verified these characteristic distributions 
in most instances. Occasionally the distribution was 
found to be very much distorted by a bimodal phase, 
particularly noticeable in the fall months in western 
sections. 


For the purposes of this study, the States were used 
exactly as subdivided in the table mentioned at the be- 

inning of the article—Fi 1 shows the subdivisions. 

he States of Colorado, New Mexico, Minnesota, Iowa, 
Missouri, Arkansas, and Louisiana were not divided, and 
those from North Dakota southward to Texas were con- 
sidered as the Great Plains proper, a the eastern 
portions of the tier to the westward should properly be 
considered. 

As indicated before, the subdivisions were also consid- 
ered in their relation to a logical division of the Plains. 
It becomes readily apparent from the map that the divi- 
sions have no direct relation to either vegetative, climatic, 
or soils classification. This also becomes evident in con- 
sidering the data obtained from the study. 


As an aid in handling the data, all rainfall data were 
reduced to percentages of the 50-year averages. These 
percentage oom were then arrayed in frequency dis- 
tributions as follows: Under 50 percent; 50 percent to 
69 percent; 70 percent to 89 percent; 90 percent to 109 
percent; 110 percent to 129 percent; 130 percent to 149 
percent; and 150 percent and over. Under this array, 
the midpoints of the groups fall in the following manner: 
40 percent, 60 percent, 80 percent, 100 percent, 120 
percent, 140 percent, and 160 percent, assuming, of course, 
that the midpoints of the end groups fall as specified. 
This is, of course, an erroneous assumption, but for the 
purpose of discussion they may be used as indicated. 
Also, no attempt has been made to verify the assumption 
of the midpoints of the groups falling as indicated. 

Furthermore, it is realized that the use of frequency 
distributions for as few data as 50 is liable to errors of 
greater or less magnitude. However, the indicated fre- 
quencies are b on a larger period of record than has 
heretofore been available. The percentages determined 
from these distributions should not vary materially for 
some time to come, as a 50-year record is usually con- 
sidered fairly satisfactory for climatological purposes. 

— 2 shows the average spring, summer, autumn, 
and March—August precipitation for the 50-year period 
1887-1936. The regular decrease in amount from east to 
west is indicated clearly, also the marked lack of spring 
precipitation in western Texas and New Mexico. 


Table I shows the percent of the years with frequencies 
of seasonal precipitation as indicated. One of the most 
striking features of this table is the lack of unusually low 
percentages in the summer in western Texas. The fre- 
— in this group are also low in the eastern States of 

earea. It is natural that the percentages for the longer 
periods should be closer to the normal, hence the reduc- 
tions in number of extreme percentages in the March- 
August data. The percentages are low in both extremes 
in this group, but are significant in eastern Montana and 
some western portions of the central group of States. An 
unusual feature of the fall tabulation is the high percentage 
of the extremely low precipitation in western Montana. 


Figure 3 shows the rainfall variability as measured by 
the percentage of years with precipitation more than 30 
percent greater or less than normal. It is believed to be a 
valuable indicator of the oe of extremes of rainfall, 
including as it does those falls of greater than 130 percent 


and less than 70 percent. Within these figures, of course, 
considerable variation in crop conditions may occur, de- 
pending on other weather items than precipitation, but if 
the major portions of precipitation of an area occur within 
these limits it may be safely concluded that precipitation 
is quite stable for agriculture. 
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1 The variability of spring precipitation (March—May), is cipitation is indicated for Colorado, probably due to the | 
. based on a 50 year record. It varies widely in more than inclusion of data from all stations in the State average. 
$ one-third of the years in most of the region and nearly i 4 is a companion to fi 3, showing rainfall 
¥ half the years in central North Dakota. Western Texas variability under droughty conditions. It indicates the 
1 shows conspicuously as an area of wide precipitation percent of the years with precipitation less than 70 per- 
i fluctuations in this season of the year, with the percentage cent of normal, and is based on the assumption that such 
n 54, or well over half the years. moisture conditions may be considered as approaching 
8 Similar conditions are shown for the summer months the minimum necessary for plant growth, particularly in 

(June-August). During this season precipitation be- western portions of the Plains where the rainfall is nor- 
by comes more stable in many sections, markedly so in west- mally light. 
g ern Texas, New Mexico, and Colorado. A similar per- Large drought percentage frequencies are shown in the 
u centage decline is noted in Nebraska, but marked increases western Dakotas, western Kansas and Oklahoma, and 
( appear in central and western Montana and in Oklahoma. western Texas and New Mexico. Rather stable precipi- 
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For the autumn season (September-November), varia- 
tions become unusually marked during this season, rising 
remarkably in practically all sections. The fluctuations 
become particularly noteworthy in western Oklahoma, and 
from western Kansas northward through Nebraska and 
the central Dakotas. There is a slight tendency to more 
stable precipitation in central Montana and Missouri. 

The period March-August, inclusive, covers the season 
of growth for most crops. it is natural for smaller per- 
centages to be recorded, as previously noted, but. signifi- 
cant values are shown in several districts. Variations are 
marked in central Montana, western South Dakota, 
western Nebraska, and central and western Texas. An 
unusual feature of this chart is the abnormally “in per- 
centage shown in eastern Oklahoma. Quite stable pre- 


Ficure 3.—Rainfall variability, percent of time precipitation varied 30 percent, or more, 
from normal. 


tation is indicated in Arkansas, Colorado, Wyoming, 
western Montana, and central and eastern Texas. The 
figures for the first three States above may be due, again, 
to use of State averages rather than by sections, 

The dry year variability for the summer is evident. 
Again, marked variation is indicated in Oklahoma, par- 
ticularly the western portion, while quite marked devia- 
tions are noted in Texas and Montana. Rather remark- 
able stability is indicated in Colorado and New Mexico, 
and as this cannot be due entirely to State averages, it 
indicates a more dependable moisture condition for sum- 
mer crops than in some sections farther east. 

There is shown a marked increase in frequency of dry 
years in the autumn; this is particularly marked in western 
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Texas, New Mexico, and in Kansas and Nebraska. 
Appsonane 3 years out of 10 are dry in the fall in most 
of the cen Plains area; and in some sections, notably 
gy aig Oklahoma, the count rises to nearly 4 years out 
of 10. 

The warm season (March to August) shows the same 
general decline in values as the previous one for the same 
period. Percentages are less, compared with individual 
seasons, but significant tendencies to dry seasons appear in 
western Kansas and Nebraska, as well as in central and 
western Texas. Central and western Montana also show 
relatively large percentages, but marked stability is 
again shown in Colorado and Louisiana. The latter 
State usually has adequate precipitation for any needs. 


Ficure 4.—Rainfall variability, percent of time with precipitation less than 70 percent 
of normal, 


Before turning to frequency histograms of the various 
sections it may We well to consider table 2. This table 


shows the rainfall values corresponding to the lower 
values of the groups. Thus for western Texas in spring 50 
percent of the mean value is 1.90 inches. Turning to 
table 1, 10 percent of all years are below 50 percent of the 
mean precipitation for western Texas in spring. Thus, 
1 year in 10 will have precipitation below 1.90 inches in 
spring. This reduces to approximately 0.63 inch of pre- 
cipitation a month. As the average number of days with 
0.01 inch or more in western Texas ranges from 3 to 7, 
with an average of 5, it will be readily seen that average 
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individual rains under the above conditions do not ordi- 
narily exceed 0.13 inch. Under normal conditions in this 
region, with relatively warm days and high evaporation, 
such rains are scarcely sufficient to support vegetation, 
unless it be a highly drought-resistant type. uming 
for example, an average rainfall of 0.25 inch on 5 days a 
month, or monthly totals of 1.25 inches, the spring precipi- 
tation would then be 3.75 inches. For agricultural pur- 
poses this amount would leave little to spare yet it will be 
seen from tables 1 and 2 that 74 t of the years in 
western Texas have less than 3.75 inches in spring. 

The situation is somewhat better in summer as the 
average rainfall in this region is then 6.46 inches, or 2.15 
per month—roughly, 0.43 inch per day. Half of this 
amount reduces to 0.22 inch per day. However, consider- 
ing the increased evaportion resulting from the higher 
temperatures, the moisture situation appears precarious 
for plant growth. The record shows that summer rainfall 
in western Texas eae. the 50 years under consideration 
has been greater than the 50 percent minimum. —E_ 

The autumn season represents the greatest precipitation 
hazard. The frequency of years below 70 percent be- 
comes abnormally large during this season and the 
corresponding values of rainfall range generally below 1.75 
inches in the western group of States, except western 
Montana. In the central Plains States, particularly the 
central and western portions, the fall precipitation, for the 
years with less than 50 percent of normal, ranges below 2 
inches, and mostly under 3 inches for all years below 70 
percent of normal, except in southern districts. This 
again indicates a daily minimum level of around 0.10 to 
0.20 inch of pan ori based on an average of 5 days 
with rain each month. 

Tables 1 and 2 have been concerned primarily with 
individual States or sections of States. Histograms were 
constructed from averages of different sections of the 
Great Plains. For this phase the area was divided as 
follows: Western Section: Montana, W 00 gS Colo- 
rado, and New Mexico; Central Section: North Dakota, 
South Dakota, Nebraska, Kansas, Oklahoma, and Texas; 
Eastern Section: Minnesota, Iowa, Missouri, Arkansas, 
and Louisiana. 

In the following discussions of the histograms, the use 
of the term “‘mode” is in accordance with the approximate 
mode used by Mills (11). The formula used by him is as 
follows: Mo=Mean—3(mean—Md). While this is not 
an exact value, the relatively few data scarcely require a 
more elaborate computation. 

The spring precipitation histogram (figure 5) for the 
western Great Plains illustrates the general tendency to 
slightly skewed distribution of precipitation previously 
mentioned, with the oo mode 93 percent. 
The central Great Plains histogram presents a markedly 
skewed diagram, with the general tendency leaning 
heavily toward the lower percentages. In this diagram 
the mode is 89 oe or well toward the lower part of 
the diagram. The great frequency of lesser amounts is 
marked in the central Great Plains, where much of the 
spring precipitation falls in less than normal amounts. 

he eastern sections revert back to a modified skewness, 
with the mode 94 percent. 

Summer precipitation histograms for the Great Plains 
represent nearly a normal frequency distribution, with 
the modes for the western and central diagrams falling 
only 2 or 3 percent below the mean. Also for the eastern 
sections the mean, median, and mode practically coincide, 
representing as nearly a symmetrical frequency distribu- 
tion as could be expected to obtain in unrelated data. 
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Montana: 
Eastern.......... 


Central........... 


Notes at end of table. 


TABLE 2.—Normal precipitation (in 100-percent column), together with precipitation values corresponding to lower group limits of table 1 4 
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The autumn precipitation histograms have some pecul- 
iar aspects. Those for the western and the eastern groups 
represent almost normal distributions with the same 
approximate mode in each case, 96 percent. However, 
wide variations between them are indicated, the eastern 
showing a larger number at the central group. For the 
central Plains there is shown an interesting bimodal 
distribution. It is far from normal, but the reason is 
obscure. 
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Ficure 5.—Histograms of precipitation. Upper figure for Western Great Plains: Mon- 
tana, Wyoming, Colorado, and New Mexico. Central figure for Central Great Plains: 
North and South Dakota, Nebraska, Kansas, Oklahoma, and Texas, Lower figure 
for Eastern Great Plains: Minnesota, Iowa, Missouri, Arkansas, and Louisiana. 


The histograms for the March-August precipitation 
represent a closer approach to a notenal disttbutite than 
is shown for the shorter period. In all cases the mode is 
only 1 or 2 percent removed from the mean, indicating a 
distribution very near normal. While the western and 
central Plains again show a tendency to skewness, the 
frequencies in the eastern portion are so nearly normal 
that no unusual features are apparent. 

The average annual precipitation in the Great Plains 
decreases irregularly from east to west and any study of 
this area should take this feature into account. There- 
fore, as the Central States were divided into three sections 
corresponding to eastern, central, and western subdivi- 
sions, these were combined into definite areas as the east- 
central, central, and west-central Great Plains. 


The histogram for the precipitation in these areas is 
given in figure 7. The east-central diagram is quite 
markedly skewed with the mode 92 percent, or definitely 
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Figure 6.—Histograms of precipitation. U figure for Western Great Plains: Mon- 
tana, Wyoming, Colorado, =a New Mexico, Central figure for Centra] Great Plains: 
North and South Dakota, Nebraska, Kansas, Oklahoma, and Texas. Lower 
for Eastern Great Plains: Minnesota, Iowa, Missouri, Arkansas, and Louisiana. 


toward the lesser amounts. A great preponderance of 
subnormal precipitation frequency is shown in the central 
di , where the approximate mode is 90 percent, 
while a still greater skew tendency becomes apparent in 
the west-central area where the most frequent group is 
dominately 70-89 percent, with the mode 85 percent or 
ightly above the median of this group. 

ummer precipitation, on the other hand, as shown 
both in figure 7 and in the general histograms, reverts 
closely to the so-called ‘‘normal’’ distribution. The pre- 
ponderance is clearly on the mean groups, with the eastern 
diagram almost normally distributed. However, the 
frequencies in the central and western group again tend 
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toward the lesser amounts, with the modes 95 and 96 
percent, respectively. The central diagrams show a 
tendency toward increased frequencies in the 150+ per- 
cent group, probably due to a number of heavy rains. 
Autumn precipitation, as before, represents an abnor- 
mal condition. Undoubtedly there are some phenomena 
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Fiaure 7.—Histograms for Sectional Precipitation. Upper for East-Central 
Great Plains: Eastern divisions of North and South Dakota, Ne ka, Kansas, Okla- 
homa, and Texas. Central figure for Central Great Plains: Central divisions of North 
and South Dakota, Nebraska, Kansas, Oklahoma, and Texas. 
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connected with autumn rains that definitely cause these 
abnormal distributions. The east-central diagram is 
probably the nearest approach to a “‘normal,”’ but even 
this shows a rapid increase in the lower frequencies that 
effectively counteracts any weight the higher ones might 
give. The absence of a pronounced central tendency, 
such as a normal distribution would require, is also strik 
ing. In this distribution the approximate mode is 90. 
The diagram for the central Great Plains, just as 
abnormal as the general one, again is characterized by 
light precipitation, shown by the dominant frequency of 
50-69 percent. The mode in a distribution of this type 
is almost impossible to determine with any ma degree 
of accuracy, hence it was not computed. e western 
Great Plains, however, represent the most abnormal 
distribution yet encountered. The mode approximately 
falls both in the 50-69 percent and 90-109 percent 


frequencies. 

“the March-August precipitation, as before, shows a 
general tendency to an ideal normal distribution. The 
mode for the east-central — is practically the same 
as the mean, while that for the central diagram is only 1 
percent below the mean. The west-central group is again 
markedly abnormal, with the frequencies grouped heavily 
around the midpoint, the three central groups being within 
17 of each other. The mode in the latter is only 
98, indicating the great preponderance of the central 


groups. 
_ The general trend of precipitation is an important matter 
in these areas, and it is of considerable interest that 

9 shows quite similar trend tendencies in many sections. 
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In a study of figure 9, it should be borne in mind that 
each entry represents a 5-year average up to and including 
the date of entry. 

In the trend study no effort was made to group the 
States into major sections of the Plains as was done for 
the histograms. The general tendencies are not uniform 
throughout the area and the individual State trends were 
believed to be of more dominant importance. The erratic 
tendencies of autumn precipitation were not believed of 
sufficient value to include and, consequently, figure 9 
contains only the March—August data. 


AUTUMN MARCH - AUGUST 
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Ficure 8.—Histograms for Sectional Precipitation. Upper figure for East-Central 
Great Plains: Eastern divisions of North and South Dakota, Nebraska, Kansas, Okla- 
homa, and Texas. tra for Central Great Plains: Central divisions of North 

and South Dakota, Nebraska, Kansas, Oklahoma, and Texas. 
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A 5-year moving average of percent of normal pre- 
cipitation for North Dakota for the period March-August, 
inclusive, is shown in the figure. It shows for the differ- 
ent sections of the State quite similar trends. The period 
1894-1909 was one of generally adequate precipitation in 
all parts of the State, A rrein: ¢ the excesses were not so 
marked in the central and western areas and declined to 
subnormal in the western section by 1901. The general 
decline in western North Dakota may be said to have 
begun in 1905 as none of the subsequent years approaches 
the peak of that year. There was some recovery from 
1910 to 1916 and again from 1921 to 1928, but from the 
latter year through 1936 the period was one of generally 
deficient precipitation. Similar conditions prevail in the 
central and western sections and, although there was a 
brief tendency toward recovery in 1936, the general trend 
is still to below normal. ; tng 

In South Dakota marked variations are indicated 
between the east, central, and western sections. The 
first two show quite similar tendencies, with meenns 
precipitation from 1891 to 1909, a marked decline throug 
1913, rapid recovery to 1917 or 1918, and a gradual and 
persistent decline from then through 1936. In the east a 
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break in the downward trend appears in 1935 and 1936, 
but is too indefinite for significant appraisal. The west 
shows a decline from a 5-year average of 120 percent in 
1892 to 83 percent in 1900, a sharp recovery to the maxi- 
mum of 122 in 1909, another d e to the minimum of 
81 in 1914, partial recovery to 110 in 1918, and a general 
ebras east and central portions again 
fairly closely, while the western deviates somewhat from 
these. first two areas there are general peaks of 
130 and 127 percent, respectively, in 1906, followed by a 
decline to 1913-14, then a recovery to 1917 in the east 
and 1923 in the central; thereafter both curves decline 
steadily to 1936. The west shows a rapid rise from the 
minimum in 1897 to a general high level from 1905 to 
1909, the depression following agrees with the central and 
eastern curves, but the last decline does not begin until 
1930 and is neither as abrupt nor as deep as in the central 
and ane, averaging only 93 percent for the 5 years ending 
in 1936. 

In Kansas wide fluctuations in the curves are shown 
particularly in the eastern part where the maximum of 
128 percent in 1906 is followed in 1914 by a minimum of 
80 percent. The other minimum of the period occurs in 
1936, with the same percentage. The central section 
shows the same tendencies, but the minimum in 1914 of 
77 percent is the lowest of record to 1936. The actual 
recession is less in the west. In the west the fluctuations 
are more frequent than in other areas, but are of smaller 
amplitude. The maximum of 1906 is not as high as in 
the other cases and, while the minimum of 1936 is the 
lowest of record for this division, it is not as deep as that 
of 1914 in the central area. Generally, Kansas rainfall 
for this March-August period shows no iong-time stabili- 
zation. 

In Oklahoma the depression in 1934-36 has been equaled 
or exceeded in 1913 in all divisions. The maximum in 
1907-08 is somewhat later than in the other States. The 
secondary maximum of 1930 in the eastern district is not 
as pronounced in the central and is lacking in the west. 
The paomenenies in the west declined steadily from 1922 
to 1936, although there was a period from 1925 to 1929 
with slightly above normal precipitation. 

In Texas there is a marked variance between the sec- 
tions for the period 1891-1900. In the east the curve 
begins substantially above normal and declines to 1899 
or this period. e west, however, the peri i 
much below normal, declines slightly to 1893, i 
recovers with a continuous advance to 1900. Throughout 
the remainder of the curve there is rather 
closely with other areas until 1923, with maxima in all 
divisions. The central and eastern curves then decline 
to 1927 and 1934, respectively. Thereafter, the central 
section continues somewhat below normal for a number 
of years, but reaches normal again in 1936. The eastern 
graph makes a brief recurve above normal in 1936. In 
the west, however, there is a progresnve decline in precipi- 
tation from 1925 to 1936, broken by occasional recov- 
eries, but maintaining a continuous downward trend, 
ending 10 percent below normal in 1936. 

It is interesting to observe in this series of curves that 
the eastern, or subhumid section of the Plains shows as 
wide variations as the western. For example, in North 
Dakota the range is from 121 t to 79 percent in the 


east, an amplitude of 42 percent; in the central 118 to 78 
percent, or of 40 percent; and in the west 116 to 80, or 


only 36 percent. 
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In the other States the maxima and minima percentages 
and ranges are as follows: 


Maximum | Minimum Range 
South Dakota: Percent Percent Percent 
119 7 42 
130 74 
West. Sb 116 82 3A 
115 80 35 


A significant trend is the wide fluctuations in western 
Oklahoma and western Texas. The latter shows the 
greatest range ot any of the States, and it is particularly 
interes that portions of these districts are included in 
the ed “dust-bowl.” Such wide fluctuations as 
are shown in these areas where the average effective rain- 
fall is precariously near the minimum must be detrimental 
to a settled agriculture. This is pointed out very strik- 
ingly by Kincer (9) in the following quotation: 

There is a well- tendency for ipitation in 
generous rainfall, followed in turn by several years with deficient 


moisture, and this renders farming by ordinary methods precarious 


in many of the drier western portions of the section. Abundant 


crops in years of ample moisture enco the western extension 
of the cultivated area, but the records » rd that these are only 
temporary conditions, and are likely to be followed by years of 
drought when the rainfall is entirely insufficient to mature cro 
fee ter is sure to follow unwise agricultural adventures of 

It was previously mentioned that an attempt would be 
made to examine the data for the various sections to de- 
termine, if i 
represent distinct climatic provinces. The evidence thus 
far submitted indicates to some extent that the sections 
are generally in fair agreement, at least as regards fre- 
quencies of different amounts of precipitation. 

However, a striking phase is the variation in the 5-year 
moving average curves between States. For example, 
those for eastern North and South Dakota show marked 
divergencies between 1893 and 1899, and again between 
1916 and 1928. The central portions of these States 
also show similar disagreements, especially between 1916 
and 1925. In the west the curves are out of phase until 
1905, but agree roughly from then to 1936, except for 
the years 1912-14. ere seems to be a slight tend- 
ency toward agreement between central North Dakota 
data and western South Dakota data. The eastern and 
central sections of the respective States also seem to be in 

ight agreement. 

e several sections of South Dakota and Nebraska are 
in quite close agreement, except for a deflection of the 
minima in western Nebraska to the left of that for South 
Dakota, or approximately 3 years earlier. 

The comparison between Nebraska and Kansas shows 
a very close agronreent generally In the eastern portions 
there is a tendency for Kansas to have higher values from 
1927-31, as well as from 1926-1932 in central districts. 
The western sections show quite close agreement, the only 
marked discrepancy being in the years 1898-1901 when 
Kansas recorded somewhat higher values. 


ible, whether the divisions as herein used . 


| 
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Kansas and Oklahoma data also agree very well, except 
in the deflection of the Oklahoma maxima to the right, or 
two years later than Kansas, in all sections. The western 
portions of these States show more deviations between 
the curves than the central and eastern districts. Rever- 
sals of trend for these curves are indicated in 1902, 1907, 
1912, 1915, 1916, 1920, and 1930-31. 

Oklahoma and Texas, however, again indicate a ten- 
dency similar to those for the Dakotas. Eastern Okla- 
homa agrees fairly well with central Texas especially 
during early years. A reversal of trend occurs during the 
years 1927-31, when eastern Oklahoma data show a 
tendency to above normal values and Texas the reverse. 
Agreement is quite close between central Oklahoma and 
western Texas, the only serious difference occurring in 
early years, between 1891-1896, which probably may be 
due to nonhomogenous data. The western portions of 
these States, however, are in fair agreement, indicat- 
ing that the central and western Oklahoma data are more 
nearly comparable with western Texas. 

As general conclusions on the matter of section similar- 
ity, the divisions in the central portion of the Plains seem 
to be well chosen, but adjustments are indicated in both 
the northern and southern extremes. As considerable 
labor would be involved in these redistributions, and the 
adjustments of only minor climatic importance, it scarcely 
seems advisable under present circumstances. 

Considering the Great Plains, as a whole, there is 
remarkable uniformity in its precipitation distribution. 
The general tendency to a moderately skewed distribution 
is of course, to be expected, but the marked bimodal 
distribution of autumn precipitation awaits some logical 
explanation. Indications point toward a eet frequency 
of very light precipitation as the cause. is frequency 
of precipitation in the 50-69 percent groups indicates an 
average daily rainfall of only 0.13 inch, based on an aver- 
age precipitation for the area of 1.94 inches and 5 days 
of rain per month. 

Several clues as to the lack of substantial precipitation 
are offered by Holzman (10). The theory that air masses 
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may remove moisture from the land and only reprecipitate 
it under favorable conditions, and then only in insignifi- 
cant amounts, may contribute largely to the lack of appre- 
ciable precipitation in the Great Plains in autumn. At 
this season the general movement of air masses ordinarily 
becomes somewhat accelerated and the Great Plains 
becomes invaded more frequently by the large Pc masses 
and thus conditions become more unfavorable for appre- 
ciable precipitation. Also, the more definite movement of 
the Pm and Pr air contribute more toward the “Chinook” 
effect, thus again reducing the chances for significant pre- 
cipitation. It also appears that definite invasion of the 
region by an active air mass, probably from the Southwest 
or Northwest is necessary to substantial rainfall, and only 
in this event would the daily amounts be of sufficient 
magnitude to increase the seasonal totals to an entirely 
different class frequency. 
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A STUDY OF THE HOURLY PRECIPITATION AT OKLAHOMA CITY, OKLA. 


By H. F. 
[Weather Bureau Airport Station, Waynoka, Okla., October 1937] 


Numerous studies of the hourly distribution of precipi- 
tation have been made during the past quarter of a 
century, but since all such studies are more or less local 
in character, it has been deemed worth while to make a 
similar investigation of the Oklahoma City data. Mater- 
ial of this kind is of value in determining rainfall insurance 
rates, in making local weather forecasts, in planning 
outdoor activities, and as a contribution to climatology. 

The records for the years 1911 to 1935, inclusive, em- 
bracing a Deter of 25 years, were used. The data for 
each month, consisting of the hourly amounts and the 
beginning and ending of each period of precipitation, 
were entered on a suitable form, after which the totals 
and averages were obtained. All averages used in this 


study are for the entire 25-year periods; in cases where there 
was a break in the record of hourly precipitation, as often 
occurred during the winter months when there was no 
automatic record, it was deemed permissible to inter- 
polate the hourly amounts. 

A bibliography of easily accessible papers on similar 
investigations is appended. 


AVERAGE HOURLY AMOUNTS OF PRECIPITATION 


The average hourly amounts of precipitation for each 
of the 24 hours are given in Table 1 for the months and 
for the year. The average hourly amounts for the day- 
time (7 a. m. to 7 p. m.) and nighttime (7 p. m. to 7 a. m.) 
periods are given in the table also. 

The data reveal the existence of a distinct diurnal 
period in the average hourly amounts of precipitation 
occurring at Oklahoma City, especially during the spring, 
summer, and autumn months. This characteristic begins 
to be apparent in March and continues throughout the 
summer season and into November. With the exceptions 
of May and July, there is a well-defined maximum period 
beginning just after midnight and extending until about 
7 a. m.; the greatest average hourly amounts for April 
June, August, and September occur between 1 a. m. and 
3 a. m. ere is also a well-defined secondary maximum 
in the late afternoon and early evening hours during the 
summer months. 
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The greatest average precipitation for any hour of the 
year is 0.35 inch between 1 a. m. and 2 a. m., in June; 
the least, 0.02 inch between 3 p. m. and 4 p. m., is also 
in June. } 

It is interesting to compare the average hourly amounts 
that occur during the daytime with those occurring duri 
the nighttime for a station such as Oklahoma City whieh 
may be considered to typify the conditions prevailing over 
a considerable area in the Great Plains region. There are 
no marked differences between the average amounts of 
daytime and nighttime precipitation at Oklahoma City 
during the winter season ; they are practically the same for 
the months of November, December, and January ; Febru- 
ary, however, shows a slightly greater average for the 

ighttime. During the warm summer months (June, 
July, and August) from one and one-half to two times as 
much precipitation occurs during the nighttime than dur- 
ing the daytime. In the spring and autumn months the 
average amounts are almost exactly divided between day- 
time and nighttime. Of the 12 months, October, alone, 
shows a greater average hourly precipitation for the day- 
time. 

As pointed out by Kincer'’ it is a fortunate provision of 
nature that an excess of the total precipitation of the cen- 
tral Great Plains region occurs ee Se nighttime 
when it may be more economically uti by growing 
plants. It is well known that evaporation takes place 
much more a during the daytime when excessive 
heat and high winds dry the soil very rapidly and vitiate 
any benefit that might accrue from light showers. Light 
showers in the daytime followed immediately by very high 
temperatures may even be distinctly harmful to tender 
vegetation. On the other hand, nighttime precipitation 
may be more economically utilized by growing plants, and 
the benefits are of a more lasting nature. The trend of the 
distribution of rainfall to the nighttime hours is doubtless 
of considerable value to farmers in this region, since a 
light seasonal precipitation, if properly distributed, may 
be sufficient to produce a fair crop. 

There is no doubt that the diurnal variation in the 
amounts of precipitation is ultimately connected with the 
distribution of thunderstorms, which, in turn, is associ- 
ated with changes in temperature and pressure. The 
distribution of thunderstorms is the controlling factor in 
determining the daily variations in $f, ewmere during 
the warm months in middle latitudes. e more or less 
even distribution of precipitation throughout the day and 
night during the winter months is characteristic of a wide 
area in the central portion of the United States, and is due 
to the small number of thunderstorms experienced during 
that season. Most precipitation in this area during the 
winter months is the result of general cyclonic storms 
and, consequently, exhibits no distinct diurnal period. 


THE DURATION OF PRECIPITATION 


Comparatively little research has been done on the 
ros of the duration of precipitation in the United 

tates. Therefore, it was deemed worth while to com- 
pile such data for Oklahoma City for the period 1911-35 
inclusive. Note was made of the time of beginning and 
ending of each period of precipitation and all intervals 
between showers were eliminated from the computations. 
In cases where the exact time of beginnings and endings 
was not known the times were approximated; most cases 
of this kind occurred at night, and were more frequent 


' J. B. Kincer, Daytime and Nighttime Precipitation and Their Economic Significance. 
MONTHLY WEATHER REVIEW, 44; 630, 1916, 
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pie to 1928, when the inception of the airway service at 
klahoma City made it possible to check more closely 
the a and endings of showers. 

In the study of the duration of precipitation it seems 
desirable to disregard the intensity, and to consider 
hours with traces along with those having measurable 
amounts. Whenever the duration is computed with ref- 
erence to selected hourly amounts of light intensity, seri- 
ous error may result, since many hours credited with 
measurable amounts will simply represent the cumulative 
totals of previous hours. 

The ave annual duration of precipitation in Okla- 
homa City for the period 1911-35, inclusive, is 562.8 
hours, or 6 percent of the total possible time. Of the 
total, 276.3 hours occur during the daytime (7 a. m. to 
7 p. m.), and 286.5, or slightly more than half, occur at 

t 


e period of greatest monthly total duration begins 
with the late autumn months, extends through the 
winter, and ends in May. January and December, with 
averages of 67.5 and 66.2 hours, respectively, have con- 
siderably greater total duration than any other months 
of the year. It is also very noticeable that the daytime 
and nighttime durations for the period oe pee, with 
October and ending with May are almost equal, but 
= greater for the daytime in all except March and 
ay. 
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Figure 2.—Average hourly duration of a at Oklahoma City, Okla., 1911-35 


The duration of precipitation is much shorter during 
the summer months; it is about one-half or one-third as 
great as in the months of greatest duration. July, with 
an average of 19.9 hours, has the least total duration of 
any month. It should be noted that the nighttime is 

ter than the daytime duration during the months of 
May to September, inclusive. This difference is greatest 
in June, when, on an average, 59 percent of the rainfall 
hours occurs between 7 p. m. and 7 a. m. 

Comparisons between the various months of the dura- 
tion of precipitation may be more accurately made when 
percentages of the total possible time are used, thus 
eliminating discrepancies due to the unequal  ~y of 
the months. These percentages for Oklahoma City are 
as follows: January, 9; February, 8; March, 8; April, 7; 
May, 6; June, 4; Sal , 3; August, 4; September, 5; Octo- 
ber, 6; November, 8; and December, 9. Taking the year 
as a whole, precipitation in some form is falling 6 percent 
of the time. 
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_ The average duration for each hour of each month is 
given in table 2. Data for selected months, as well as the 
annual averages, are given in graphic form in figure 2. 
The maximum average duration, for the year as a whole, 
occurs in the hour ending at 8 a. m., e the minimum 
occurs between 2 p. m. and 3 p.m. There is a gradual 
increase in the average duration from midnight to 8 a. m.; 
thereafter a more rapid change takes place with the dura- 
tion decreasing until 3 p. m. Probably the most out- 
standing feature exhibited by the data in table 2 is the 
Tt of the maximum in occurring between the 

ours of 5 a. m. and 10 a. m. throughout the year. In 
this respect the seasonal variations differ little from the 
annual. While there are no secondary maxima or minima 
of importance, there is a slight tendency for an increase 
in the average duration — the hours between sunset 
and about 11 p. m. from April to August, inclusive. 
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The greatest hourly duration in any month occurs in 
January between 8 a. m. and 9 a. m., when it averages 3 
hours and 26 minutes. Several other hours between 5 
a.m. and 10 a. m. in January also have a large average 
duration. The least duration in any month occurs in 
July between midnight and 1 a. m. when it averages only 
30 minutes. 


FREQUENCY AND INTENSITY OF PRECIPITATION 


In studying the frequency of precipitation it is desirable 
to recognize the existence of several inherent character- 
istics of the data under consideration. Most important 
of these is the fact that the hourly entries of precipitation 
really represent random samples, since the 24 hours of 
the day are arbitrarily taken as the limits of the hourly 
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periods. The irregular distribution of precipitation 
throughout the day and night results in much overlapping 
from one hour into the next; thus, a shower of only a few 
minutes duration may extend from the latter part of one 
into the early part of the following hour, and result in 2 
hours record of precipitation. Also, a compilation of this 
kind involves such a large mass of data, with so many 
subdivisions, that special graphical methods are necessary 
to — the facts properly. 

able 3 shows the frequency of occurrence of hours 
with a trace or more, as a percentage of the 
number of times that the particular hour occurs in the 
month. As would be expected, the greatest hourly fre- 
quency occurs during the period November to March, 
inclusive, when is recorded during about 
10 percent of both the daytime and nighttime hours. 
The frequency distribution 1s fairly uniform throughout 
the 24-hours during the colder months of the year, but, 
in general, there seems to be a slightly greater frequency 
during the daytime. 

The maximum hourly frequency occurs in the early 
morning hours in all months of the year; generally between 
5 a. m. and 10 a. m. from September to April, inclusive, 
and from 6 a. m. to 8 a. m. from May to August, inclusive. 

July, with an average frequency of 4 percent of the 
possible hours with rain, has the least frequency of any 
month in the year. The hour between midnight and 
1 a. m., when 2 percent of the total hours have rain, has 
the least frequency of any hour during the year. 

The following discussion of rainfall frequencies and 
intensities is based to a great extent upon the plan used 
by McDonald.? It was thought desirable to use the 
same intensity groups and the same graphical methods 
for Oklahoma City, in order that the precipitation data 
for the two cities might be compared. 

In order to provide a means of comparison between 
the various intensity frequencies, the hourly totals were 
arranged into a table of frequencies under the following 
headings: Trace; 0.01 to 0.04; 0.05 to 0.09; 0.10 to 0.19; 
0.20 to 0.39; 0.40 to 0.79; 0.80 to 1.49; and 1.50 inches 
and over. It will be noticed that the groups increase in 
approximate geometric ratio. 

table 4 all hours with eg weg during the period 
1911 to 1935, inclusive, have been referred to their 
respective intensity groups. In the first column are given 
the total hours with precipitation during the 25-year period 
together with the partial totals for daytime and nighttime 
Reference to this table shows that hours with only a trace 
are greater during the daytime (7 a. m. to 7. p m.) in all 
months of the year, the excess over the nighttime hours 
being greatest during the period December to April, 
inclusive. On the other hand, there seems to be a well- 
defined tendency for the greater rainfall intensities to 
occur more frequently during the nighttime during 
April, June, July, August, and September. During other 
months, however, the distribution of hours with measure- 
able rainfall seems to be largely fortuitous. 4 

Table 5 is based upon table 4, and shows the relative 
frequency of the various groups as compared with the 
total rainy hours in each month. The smaller values 
represent the higher frequencies, since each figure indi- 
cates the average number of samples that would be 
necessary, as a rule, to obtain one example of the desired 
intensity. In other words, during the month of February, 
1 hour in 3 with precipitation has had an intensity varying 
from 0.01 to 0.04 inch. e 

Although there is a wide range in the total number of 
hours with precipitation in the lower intensity groups, 


1 W. F. McDonald, Hourly Frequency and Intensity of Rainfall at New Orleans, La. 
MONTHLY WEATHER REViEW 57:1-8, Jan. 1929. 
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table 5 indicates that the chance of a rainfall occurring 
with an intensity of 0.04 inch or less per hour is approxi- 
mately the same in all months. Considerable divergence 
in this respect is manifest in the 0.05 to 0.09 inch group, 
and this tendency persists throughout the year in all the 
higher intensity groups. 

In order to present graphically the data contained in 
table 5 it was thought desirable to construct figure 3, 
which represents the frequency distribution of the various 
intensity groups. Ordinary curves are inadequate to 
show the relationships existing among large groups of 
data of this nature, so it was found necessary to plot the 
data on ratio-ruled paper. Any grou —<? of data into a 
straight-line relationship. by this method is, as a rule, 
evidence of an underlying causative factor affecting the 
entire series. The data for the various months were 
arranged into groups represen the winter and sum- 
mer seasons, while the intermediate months were con- 
sidered separately. The winter season embraces the 
months of ,ycneen GE to February, inclusive, the summer 
season, April to October, inclusive, while March and 
November, being transitional in character, were treated 
separately. 

t is notable that the lines on the graph representing 
the three lowest intensity groups practically coincide for 
all seasons of the year. B with the 0.05 to 0.09 
inch group, te eon there is a wide divergence in the 
lines representing the seasons. 

The data for the summer season, especially, group 
themselves into a straight-line relationship, which is 
indicative of a single underlying causative factor (con- 
vection). The lowest intensity group totals, which, of 
course, have the greatest frequencies, form the first divi- 
sion of the graph; that is, they include those rainy hours 
during the summer season which are due to a combination 
of several causes. Starting with the fourth group, how- 
ever, there is a continuous straight-line relationship that 
may be explained only by the fact that practically all 
summer-time rains of these higher intensities are due 
to thunderstorm activity. 

The frequency distribution of various hourly amounts 
for the winter season does not show the close internal 
relationship manifested by the summer season. The 
hourly intensities are much lighter than during the sum- 
mer, since thunderstorm activity is at a minimum. Dur- 
ing the months of December to ebruary, inclusive, there 
is a more pronounced tendency for the straight-line rela- 
tionship to persist through the 0.10 to 0.19 inch group 
than in the summer season. This tendency is due to the 
fact that converging winds and the elevation of masses of 
air are responsible for a greater percentage of the hours 
with precipitation during the winter season, and, further, 
that these causal factors produce greater hourly intensities 
during the cooler portion of the year. 

The months of March and November, being transitional 
in character, have been treated separately on the graph. 
Several causative factors are at work produci po 
cipitation that occurs d these months. It 
noted that the data for March assume a well-defined 
straight-line relationship, but it is thought that this result 
is more or less fortuitous, since convection, convergence, 
contact cooling, etc., are all active at that time of the 
rom in Oklahoma City and produce a more or less hap- 

azard precipitation pattern. 
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TABLE 1.—Average hourly amounts of precipitation at Oklahoma City, Okla., 1911-85, inclusive 


A.M. P.M. Hourly averages 

9] 12 8] 9} 10) | Dax | Night | wont 
06 |0.05 |0.05 |0. 04 03 [0.06 |0.09 |0.07 |0.05 |0. 05 08 Jo. o4 [0.03 Jo. 04 Jo. 05 jo.07 o7 jo.06 J0.05 | 0.06 | 0.08 | 0.08 

| | .05 | 04 | 04 | .06 | .05 | .03 | 05 | | .05 | .04 | | | | 08 05 | .06 | .05 | .04 05] .05 
| | | 215 | 208 | | San | 208 | | 207 | | | | | | | | | 
24 | | 216 | | 214 | | 207 | 210 | 210 | 222 | 
07 | | | | | | | 205 | | 205 | | | 213 | | | 208 | | 225] 
-15 .12] .14] .16] .18 | .15 | .00 | .16 | .24 .21 .17 .12] .12] | .10] .15 | .15 | .12 .16 | .16 | .07 
| 205 | 205 | 08 | | | 08 | | | | 06 | | | | 16 | | | 
05 | 07 | | 207 | 06 | 207 | | | | | | | S07 | | | 212 | | | 08 | 07 | 


Note.—Amounts given are for the 1-hour intervals ending at the designated clock hours. Hourly averages for the daytime and nighttime and the month are given in the columns 


at the right 
TaBLE 2.—Average hourly duration of precipitation at Oklahoma City, Okla., 1911-85, inclusive (in hours and minutes) 
A.M. P.M. 

9 | 0 | | 12 onth 
January.....-.-. 2:44] 2:37] 2:29) 2:53] 3:01] 3:20) 3:19) 3:22) 3:26) 3:23) 3:04) 2:55) 3:07] 2:51) 2:29) 2:40) 2:57) 2:23) 2:26) 2:31] 2:24) 2:19) 2:30] 2:40) 32:47 67:30 
February - ....---- 1:47] 2:01] 1:55) 2:05) 2:21) 2:46) 2:59) 3:06) 3;02) 3:00 2:36} 2:22) 2:10} 2:07] 2:03) 2:04) 2:02) 2:18) 2:31) 2:23) 2:18} 2:14) 2:01) 27:21 57:13 
Moaroh. 2:25) 2:22) 2:21) 2:20) 2:26] 2:33) 2:24) 2:36) 2:47) 2:39) 2:22) 2:20) 2:11) 2:06) 2:10) 2:33) 2:25) 2:24) 2:28) 2:37) 2:29) 2:32) 2:32) 2:1 29:11 58:12 
1:50] 1:48] 1:50) 2:18] 2:10] 2:22) 2:13] 2:22) 2:22) 2:14) 2:04) 1:56) 2:08) 2:00) 1:56) 1:52] 1:43) 1:46] 1:30) 1:41} 1:49) 1:48) 1:34] 1:34) 23:1 47:26 
1:28} 1:52] 2:05) 2:11) 2:11) 2:03) 2:20] 2:32) 2:21) 2:14) 1:53) 1:39) 1:35) 1:23) 1:22) 1:34 1:43] 1:32] 1:30) 1:44) 1:50) 2:00) 1:56) 1:49) 23:38 45:04 
1:38] 1:34] 2:03) 1:52] 2:01] 1:40) 1:48) 1:48) 1:52} 1:31] 1:07] 0:50) 0:55) 0:52) 0:46) 0:44) 0:47) 0:53) 0:50) 1:05) 1:07) 1:23) 1:25) 1: 19:06 32:10 
0:30} 0:45] 0:53) 0:57] 1:08] 1:11) 1:12) 1:14] 1:06) 0:56) 0:47} 0:41) 0:35) 0:39) 0:37) 0:49) 0:39) 0:54) 0:44/ 0:38) 0:37) 0:46) 0:55) 0:39) 10:11 19:52 
1:02} 1:11] 1:06] 1:28) 1:34) 1:50) 1:58] 1:41] 1:21] 1:13) 1:01) 0:54) 0:52] 0:48) 0:40) 0:32) 0:48) 0:58) 1:07) 0:56) 0:48) 1:02) 1:03) 0:55) 14:48 26:43 
September. ....... 1:35] 2:06] 2:17] 2:16) 2:27] 2:12) 1:58) 2:03) 1:45) 1:24) 1:12) 1:12) 1:10) 1:05) 1:22) 1:16) 1:17) 1:12) 1:08) 1:15) 1:21) 1:16) 1:17) 1:29) 21:19 37:25 
QOeseber......-...- 1:44 2:01] 2:07| 2:20) 2:25) 2:17) 2:35) 2:46] 2:20) 2:18) 2:17) 1:53) 1:46] 1:51) 1:50) 1:51) 1:52) 1:42) 1:46) 1:53) 1:51) 1:37) 1:36) 1: 24:06 48:27 
November. ....... 2:19) 2:12) 2:06] 2:01) 2:08) 2:12) 2:21) 2:44) 2:49) 2:31] 2:12) 2:02) 2:14] 2:16) 2:06] 2:11) 2:26) 2:31] 2:36) 2:34) 2:37) 2:34] 2:24) 2: 27:58 56:36 
2:33) 2:32) 2:20) 2:35) 2:58) 2:57] 2:56] 2:52) 2:56) 2:55) 2:46) 2:36) 2:41] 2:42) 2:33) 2:41] 2:59) 2:55) 2:42] 2:45) 2:40) 2:57] 2:56) 2:44) 32:53 66:11 
1:48] 1:55] 1:58] 2:07) 2:15] 2:17] 2:20) 2:25) 2:21) 2:12 1:59] 1:48) 1:84] 1:44) 1:40) 1:44) 1:47 1:46] 1:48) 1:51 1:80) 1:53] 1:51] 1:48) 23:53 46:55 
Notr.—Entires represent the average duration per month of precipitation during each hour of the day. Totals for the daytime and nighttime periods, and for the month, are 


given in the columns at the right. 


TABLE 3.— Average hourly fr ies of precipitation, essed asa e of the total possible hours in the month, at Oklahoma City, Okia., 
age y frequencies of precipitation, expr 


A. M. P. M. Averages 
Day- | Night- | Month- 
1 2 3 4 5 6 7 8 i) 10 | ll 12 1 2 3 4 5 6 7 8 y 10 | ll 12 time time ly 

9} 12 13} 13] 12] 12] 10; 10} 9} 0 y y 9; 10 ll 10 ll 
y 8 9; Il ll 12}; 4 13; 13 12; 10 9; 10 9 9} 10; 10 9 8 ll 10 10 
y 10 y 10 10 ll ll ll 10 10 v 9 10 1; 10 10; 10; 1 10 9 10 8 10 4 10 
9] 11] 12] WY] 12] WY} 10) 10 y 9 7 7 10 
7 8 10} 11] 13] 9 7 7 7 8 7 10 9 y 
8 8 9 9 9] 10] il 9 8 5 6 5 5 5 5 6 6 6 5 7 6 6 7 7 7 
3 4 5 5 6 7 7 6 5 4 3 3 4 4 5 4 5 4 3 3 4 4 3 5 4 4 
5 5 6 7 9{ 10] 10 7 6 5 5 6 5 4 4 5 6 6 5 3 5 5 5 6 6 6 
8 9 9} 1] 10; lO] ll y 8 6 6 6 6 7 6 6 6 6 6 6 6 6 5 7 8 7 
7 8 9; 10 9; 12; 11 10; 10 8 8 8 8 8 8 8 8 8 7 7 6 6 y 8 8 
8 9 8 9; Il ll 10 y 8 9 9} 10; 10] 10} 10 9; 10 y 10 
10] 10] 10] Il ll ll 12; ll ll 11} Wj} 1} 10] 10] 10] Il ll 10}; 10; 10} ll ll 10 ll 10 10 


TaBie 4.—Frequency of selected hourly rainfall intensities at Oklahoma TABLE 4.—Frequency of selected hourly rainfall intensities at Oklahoma 


y, Okla., 1911-36, inclusive City, Okla., 1911-35, inclusive—Continued 
Total hours Intensity group totals Total hours Intensity group totals 
with pre- with pre- 

Month cipitation | Trace | 0.01 | 0.05 | 0.10 | 0.20 | 0.40 | 0.80 | 1.50 Month cipitation | Trace | 0.01 | 0.05 | 0.10 | 0.20 | 0.40 | 0.80 | 1.50 
of any to to to to to to | and of any to to to to to to | and 
amount 0.04 | 0.09 | 0.19 | 0.39 | 0.79 | 1.49 | over amount 0.04 | 0.09 | 0.19 | 0.39 | 0.79 | 1.49 | over 

January...--------- (a) 1, 029 659} 268) 65) 23] 10 (a) 983 689 | 246; 77] 51] 19 1 
b) 533 | 310 33] 13 (b) 959 509 | 297) 39] 14 
(c) 1,983 | 1,192] 578] 131] 56] 2 (c) 1,942 | 1,098 | 543] 177] 9] 33 
553 65 15 
(ce) = 571 | 130 14 (a) Daytime totals for period of record (1911-35). 
March ’ 515 861 47] 15 4 b) Nighttime totals for period of (1911-35). 
(b) 875} 85| 45] 40] c) Totals for entire period of record. 
c 1,809 536 141 92 55 5 
422| 249| 84] 60| 28| 15 TasLe 5.—Frequencies of intensity groups relative to total hours with 
(b) 774 317] 221] 89] 75] 52] precipitation, Oklahoma City, Okla., 1911-865, inclusive 
(c) 1, 634 739 | 470 | 173 32 
Bl el elo 0.01 | 0.05 | 0.10} 0.20] o40 | 090 | 1.50 
(c) 1,626 | 426] 169] 124] 99] 42] 17 1 Trace} to to | to | to and 
ee ree 587 293 | 157 57 45 21 9 “ je 0.04 | 0.09 | 0.19 | 0.39} 0.79 1.49 over 
(b) 670 28] 77| 74| 46] 2 8 5 
1, 257 531 | 356] 134] 119] 67] 32] 13 17] 3.4] 15.1] 35.4] 86.2) 
a) 424 105} 45] 30] 16] 16 | 1.8] 3.0] 13.2 | 59.3 [122.8 |1,719.0} 
375 148} 124] 30] 33] 17] 9 19] 3.4] 128] 197/829] 1064] 
©) 799 357} 229] 63| 33] 27) 12 3 Apell 2.2) 3.5) 94/121) 20.4] 51.1] 326.8 
‘a) 528 59} 38] 21] 13 1 1 2.2] 3.8] 9.6]13.1]164] 387] 956] 1,626.0 
531 190} 151} 75) 35] 15 5 2.4] 3.5] 941/106/188] 39.3] 967] 2514 
(c) 1,059 437 | 200| 134] 97] 656] 28 6 2.2] 3.5] 242] 206] 666] 2663 
) 181] 55| 41] 34] 13 2 2.4] 3.5] 7.9] 10.9/189] 37.8] 1765] 529.5 
) 684 253 76| 46] 26 September. 24] 3.2] 100/147] 164] 33.5] 186.9] 654.0 
(c) 1,308 549] 411] 89] 80] 39 7 2.61 90/105] 223] 520] 2229] 790.0 
October. .........-- ‘a) 826 335 | 265} 98] 83] 22] 17 4 2 1.7] 3.9] 12.5] 20.1] 388] 1554] 244.3 
b) 734 259} 75| 65) 48| 13 1.8] 3.6] 11.0] 21.6] 58.8 |1,942.0 
(ce) 1, 560 606 | 524] 173] 148 70 30 7 2 
November-....----- a) 881 525} 202] 70) 18 4 inter (Dec.-Feb.)_...| 1.8] 3.3 | 13.1 | 38.8 | 89.3 |1, 440.7 
b) 829 461 | 238 67 27 26 7 Summer (Apr.-Oct.)..-| 23] 3.4] 941/121) 19.6 40.3 | 167.4 586.7 
(c) 1,710 986! 440| 137 85 44 ll 7 
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A STATISTICAL ANALYSIS OF SUMMER STRATUS OVER SOUTH TEXAS 


By Marion 


E. Crawrorp 


[Weather Bureau, San Antonio, Tex., July 1937] 


During a study which was begun in an attempt to form 
a clearer conception of the processes involved in the for- 
mation and dissipation of stratus clouds in south Texas 
some interesting observations were made and are here 
presented, in the hope that some of the precepts derived 
wah be of use in forecasting the behavior of the stratus 

oud. 

This study is necessarily based on data available at 
San Antonio, Tex., which consist chiefly of airplane 
soundings made at Kelly Field during the summer seasons 
of 1934-36, inclusive. 

During the summer, when the stratus is most common, 
the normal pressure distribution is such that a slow steady 
flow of Tropical air which originated in the Trade-wind 
zone is fed into the eastern and central United States (1). 
In Texas the invasion of summer Tropical Atlantic (Ta) 
air is sometimes shallow, probably about 1 km, and is 
overlaid with dry superior (S) air. Although cooling by 
radiation is somewhat limited by the high moisture con- 
tent (16 to 18 g/kg at the surface) of Ta air, the diurnal 
temperature range is about 20° F. The surface air is, 
therefore, usually cooled to within a few degrees of its 
dew point by morning. This condition associated with a 
moderate southeasterly wind quite often results in the 
rapid formation of stratus clouds during the night. 
Usually the sky is clear prior to the formation of the 
stratus, which first makes its appearance in thin scat- 
tered sheets that gradually thicken into a solid cloud layer 
with a uniform ceiling. e complete process, from clear 
to overcast, has frequently been observed to take place 
within a 5-minute period. Almost invariably a ceiling is 
left under the stratus deck, seldom if ever decrea 
below 400 feet; in addition, visibility is always 
under the stratus as ground fog has never been observed 


to occur with the summer stratus, so that, in general, 
aviation difficulties are only moderate. The height of the 
stratus is usually between 500 and 2,000 feet, varying in 
thickness from less than 100 to more than 1,000 feet. 
This uniform layer obtains until after sunrise when it 
begins to break up, usually resulting in cumulus by noon. 
Almost invariably this condition occurs unaccompanied 
by fog, or thunderstorms. 

appreciable c é in weather from day to day, an 
little chaxge in the specific humidity ; thus, cluminating any 
ees of it being a frontal or transitional condition. 

e stratus forms entirely within the moist stratum, 
usually just below the inversion. The surface of discon- 
tinuity between the Ta and § air is manifested by a small 
temperature inversion accompanied by a sharp decrease 
in specific humidity. Since the occurrence of the so-called 
“Gulf clouds”’ or stratus is always associated with a south- 
easterly wind up to and through the moist stratum, the 
air is obviously of gulf origin. 

Because of the uniform warmth of the waters in the Ta 
source region, the air mass is very moist and quite warm. 
The conditional equilibrium and high relative humidity 
observed through the very moist stratum are such that 
comparatively little fo ascent of the warm current is 
n to bring about a more unstable condition that 
eventually leads to condensation and cloud formation. 
This cooling by lifting of the lower strata of air is usually 
not enough to produce precipitation during the summer. 
Consequently the prevailing weather conditions in the Ta 
air masses are those of warmth and high humidity accom- 
panied by a good deal of cloudiness during the night and 
early morning. Visibility is always good under the 
stratus. 


TABLE 1.—Summary of airplane soundings through the moist stratum and to the top of the overlying temperature inversion during June, July, 
and August 1934-36, inclusive 


g Surface (206 m M. 8. L.) Base of moist stratum Top of meist stratum Top of inversion & 

Amount of low clouds at | 5 E> 

96 | 22.7 | 16.0 91 491 | 23.9) 16.3 84 | 348 |4+.42/ 733 | 22.5) 16.0 87 | 348 |—. 58 [1,014 | 22.8) 11.8 61; 340/ I 
Scattered 33 | 23.3 | 16.8 92 | 617 | 22.6 17.0 93 | 350 |—.17 | 700 21.5 | 16.6 05 | 349 |—. 64 [1,141 | 21.3) 12.0 67 | 340/ II 
Broken to overcast.........|_ 82 | 24.1 | 17.8 348 ' 560 | 22.9 | 17.6 95 | 351 |—.34 | 877 | 20.8 | 16.2 06 | 348 |—.66 {1,185 | 21.4 | 11.2 62! 338 (IIT 


The summarized data consist of airplane soundings 
made during the months of June, July, and August 1934— 
36, inclusive. Only those observations on days when a 
moist stratum was present at lower levels, and on which 
the stratum broke up during the day, were considered. 
The grouping under the headings of clear, scattered, and 
broken to overcast, refers to the amount of low clouds 
present at the time of take-off. Intermediate and high 
clouds were not considered in this grouping. The accom- 
panying ps oreo shows the temperature and specific humid- 
ity data plotted against height. 

In consideration of the summarized data and other 
data at hand, several points are found worthy of enu- 
meration. 

1. The temperature lapse rate in the moist stratum, 
whether clear, scattered, or broken to overcast conditions 
prevail, lies between 0.58° and 0.66° C. per 100 meters, a 


value greater than the saturation adiabatic rate which is 
approximately 0.40° C. for the high temperatures in- 
volved. The moist stratum is, therefore, in conditional 
equilibrium. The condition is simply that the layer is 
unstable if saturated, but stable if unsatura (2). 
The high relative humidity of the stratum indicates that 
very little forced ascent is necessary to produce saturation, 
roe in instability with respect to saturated air. 

2. en the sky is clear of stratus and remains so 
until after sunrise, even though a moist stratum is present 
aloft, a und inversion is usually present indicating 
very little air movement. This in turn indicates the 
absence of mechanical turbulence, and hence a clear night. 

8. As soon as the air movement increases slightly, the 
dynamic turbulence prevents the formation of a marked 
ground inversion; the cooling effect more 
rapidly upward. As the air movement mes stronger, 
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mechanical turbulence is increased and maintains a thor- 
oughly mixed stratum of air at the ground, topped by a 
stratus deck. 

4. The difference between the temperatures at the base 
and at the top of the moist stratum for the three condi- 
tions is due to adiabatic changes. ; 

§. The moisture distribution is typical of a turbulent 
layer; that is, the specific humidity 1s nearly constant at a 
high value up to the base of the inversion, where it decreases 


6. The relative humidity is high throughout the moist 
stratum, reaching a maximum at the base of the inversion. 

7. As the normal air current of the Texas,coast in 
summer is from the southeast, it mag well be expected 
that the temperature at the base of the moist stratum, 
approximately 600 m M. S. L., to be 23° or 24° C. as the 
result of adiabatic change in temperature with elevation, 
because the sea-surface temperatures during the warmest 
season average over the entire Gulf of Mexico and the 
Caribbean Sea region close to 28° or 29° C. 

8. That radiational cooling which occurs near the upper 
surface of the moist stratum is not the predominating 
factor in the formation of the stratus is evident as no 
pronounced cooling takes place at the upper surface of the 
moist stratum to cause instability with respect to dry air, 
leading to the formation of the stratus by a convective 
process. There is very little steepening of the lapse rate 
through the moist stratum after the stratus forms. This 
should not be interpreted to mean that radiation does not 
play a part. Perhaps occasionally, in individual sound- 
ings where the lapse rate in the moist stratum was v 
near the dry adiabatic rate before the stratus formed, it is 
the predominating factor (3); but generally such a steep 
lapse rate does not prevail. 

9. It was noted that, when the sky is clear of stratus, 
the saturation level of the base of the moist stratum is 
above the base of the inversion. Scattered stratus is 
peveens when the saturation level is at or very near the 

ase of the inversion; the amount of the scattered stratus 
is usually quite variable. With broken to overcast stratus 
the saturation level of the base of the moist stratum is 
considerably below the base of the inversion. 

10. All soundings in which the stratus is present are 
characterized by an overlying dryer and warmer air. 
The very stable , Hs of air separating the two strata acts 
as a lid through which little mixing of air takes place; 
and, also, the turbulence, produced by the surface over 
which the air current is passing, usually ceases near this 
height. This leads to the somewhat paradoxical state- 
ment that the drier the overlying air the greater the 
probability of stratus, provided, of course, that there is an 
extremely moist stratum of air next to the ground. 

Thus, a logical explanation of the inversion should 
precede that of the stratus formation. Since in Texas the 
invasion of summer Ta air usually occurs with dry S air 
aloft, the presence of a small temperature inversion 
between the two air strata is to be expected as the S air 
averages a few degrees higher than Ta at intermediate 
levels. Occasionally this inversion is strengthened by 
extremely warm § air aloft. It is also slightly intensified 
at night by the outgoing radiation from the top of the 
moist stratum. 

When the S air is replaced by Ta air, no inversion is 
present to limit the distribution of the terrestrial radia- 
tional cooling; and it is therefore carried to upper levels, 
resulting in a more moderate lapse rate through the ex- 
tremely moist stratum. ae pa the probability of 


stratus is lessened as conditional equilibrium is not likely 
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to occur in the lower levels, because of thermal stability 
in the air mass. 

Returning to the effect of the inversion: it is found that 
when the saturation point is reached and stratus forms 
under the inversion, the outgoing radiation at night from 
the upper surface of the cloud layer will be that of a 
“black” body, and will follow the well-known Stefan’s 
law R=cT* where c is a constant characteristic of a black 
body, T the absolute temperature, and R the radiation (4). 
But the outgoing radiation from the warmer and drier air 


immediately above the cloud layer will be that of a 
Basia body. The radiation from moist air R’ depends 
largely on the amount of water vapor present according to 


Brunt (5). The lapse rate through the moist stratum 
indicates that no pronounced cooling takes place at the 
top of the moist stratum after the stratus forms, as it is 
not appreciably steeper with an overcast than when the 


sky is clear of stratus (figure 1). 
SPECIFIC HUMIDITY (g/kg) 


° 


ALTITUDE (Km.) M.S.L. 


0.5 
SURFACE 206mz_ 
mit 
20 25 
TEMPERATURE (°C) 


_ The conclusion is reached that the temperature inver- 
sion is due to the surface of discontinuity between Ta and 
S air, strengthened slightly by radiation from the upper 
surface of the moist stratum. 

This satisfactorily explains the presence of the early 
morning temperature inversion above the moist stratum 
and its relatively small magnitude, but not the formation 
of the stratus. 

Notwithstanding the fact that a minimum of cloudiness 
occurs simultaneously with a maximum of wind (surface) 
movement, and vice versa (6), the theory is supported 
that mechanical turbulence is the predominant factor in 
producing the cloud. It is not so well known that the 
maximum wind movement during the early morning hours 
is ordinarily found at an elevation of from 400 to 600 
meters above the surface (7), i. e., 600 to 800 M. S. L. at 
San Antonio. This (gradient) wind is usually over twice 
the velocity of the surface wind. Therefore, mechanical 
turbulence must be present at night when there is a rapid 
increase in wind velocity with elevation. In the absence 


of much wind movement mechanical turbulence is propor- 
tionately lessened. The turbulence is not always sufli- 
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ciently strong to be termed as such by pilots, but is active 
enough to keep a thoroughly mixed stratum of air near 


the ground. 

In addition to increasing the turbulent motion the 
stronger southeasterly wind brings in air of higher specific 
humidity from the Gulf, along with a faster rate of cooling 
caused by forced ascent up the coastal slope. 

Since the very moist stratum of air is present much of 
the time regardless of whether or not stratus forms, the 
necessary factor, i. e., mechanical turbulence, for its for- 
mation is supplied by an increased wind movement, espe- 
cially just above the surface. As the lapse rate through 
the moist stratum lies between the dry and saturation 
adiabatic rates, an element lifted upward will first en- 
counter resistance to its vertical motion, because it would 
cool with altitude at the faster dry adiabatic rate; after 
condensation it would follow the saturation adiabatic 
rate, which is slower than that of the surrounding atmos- 

here, and pass from stable to unstable at the equilibrium 
level, after which it would continue to rise to the base of 
the inversion because it would then be lighter than its 
environment. This results in the formation of the ob- 
served uniform layer of stratus clouds. This type of 
temperature distribution (through the moist stratum) is 
called convective instability, the conditions being (a) a 
sufficient amount of moisture in the air so that the moving 
element becomes saturated soon enough to follow a 
saturation adiabatic line which intersects the prevailing 
lapse rate curve, and (b) a strong enough mechanically- 
roduced lifting to overcome the stabilizing forces at the 
ower levels and carry the element to the equilibrium 
point (8). 

Convective instability is also definitely indicated as the 
equivalent potential temperature decreases with height 
within the layer. 

The influence of nocturnal radiation is evident because 
the stratus forms at night. The principal cooling seems 
to take place by terrestrial radiation and, in the absence of 
a moderate air movement, causes a ground inversion. 
Therefore, when a marked ground inversion is present, no 
stratus forms because of the lack of turbulence. Other 
factors indicated in the summarized data are much the 
same as when stratus is present; but mechanical turbu- 
lence is evidently absent as it would prevent the forma- 
tion of the ground inversion. 

As soon as there is the slightest air movement, the 
dynamic turbulence prevents the formation of a marked 
ground inversion; the cooling effect being distributed 
more rapidly upward (9). As soon as the air movement 
becomes stronger, the dispersion of the air cooled near the 
ground becomes such that ground inversions can no longer 
exist. The condition that prevents or eradicates ground 
inversions, therefore, facilitates the formation of stratus. 
Consequently the two conditions, i. e., a marked ground 
inversion and a stratus deck, are seldom observed in the 
same sounding. It should be noted that the upper in- 
version is present even when the sky is clear and condi- 
tions are calm, and is not the result of the ground inver- 
sion being forced upward as the wind velocity increases. 


Although no summary of soundings is available for 
proof, it seems logical to assume that the breaking up of 
the stratus into cumulus is by convective erbalenne 
brought about by a steeper lapse rate near the ground 
caused by insolational heating of the air near the ground 
during the daytime as it moves inland from the Gulf coast. 
As previously stated, in Texas the invasion of summer Ta 
accompanied by dry S air aloft makes thunderstorms in 
Ta air much ben Tiede than farther east; the decrease 
in equivalent potential temperature aloft indicates much 
potential instability but in the absence of much moisture 
it cannot be realized very often except from the marked 
vertical -displacement with passage of cold fronts. Thus, 
only cumulus results from the stratus with a tendency to 
dissipate in the early afternoon. Complete dissolution, 
of course, depends on the dryness of the overlying § air. 

Unfortunately, upper air wind velocity data were not 
readily available for correlation with the airplane sound- 
ings. 

Summary.—lInvestigations of the South Texas stratus 
by means of airplane soundings at San Antonio, Texas 
showed that Ha, mn rate through the moist stratum of 
air which produces the stratus lies between the dry and 
the saturation adiabatic rates, and it is overlaid with a 
drier and warmer air mass (S) separated by a small inver- 
sion. Nocturnal radiation cools the lower layers of air 
and brings about a more nearly saturated condition near 
the ground. When the moist stratum remains free of 
stratus, a marked ground inversion is present, indicating 
little air movement and, thus, the lack of turbulence. 
The presence of a pressure distribution favorable for the 
aa wat of a comparatively strong southeasterly 
gradient wind not only brings in air of higher moisture 
content; but, also, produces the necessary mechanical 
turbulence for the formation of stratus. During the 
night, when the air movement increases sharply with 
elevation, turbulence should be expected. Mechanical 
turbulence is apparently the predominating factor in the 
formation of the stratus as it is apparently the only sig- 
nificant factor present in the stratus formation which is 
absent when the sky remains clear. 
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FOG FORECASTING FOR FIRE CONTROL IN SOUTHERN CALIFORNIA 


By Arvy A. LorHmMan 
(Weather Bureau, Pasadena, Calif., September 1937] 


Summer stratus or, so-called, California “high fog’’ 
plays an important role in fighting forest fires in the littoral 
region of southern California. If fog is expected on a 
going fire, men may be released, thereby reducing the cost 
of suppression; the fire lines may be drawn in closer to 
the actual fire, thereby reducing the actual acreage of 
burn. For these reasons it is advantageous to have relia- 
ble forecasts as to whether or not fog will occur over small 
local areas. 

The forecasts of fog may have to be made for territory 
extending from the Mexican border to the Monterey-San 
Luis Obispo County line, for elevations from sea level to 
nearly 4,000 feet, extending from the coast to about 60 
miles inland. Pasadena, where the practicability of fog 
forecasting for fire control was tested, lies at an elevation 
of 850 feet above sea level, about 25 miles from the coast 
at the base of mountains which rise to over 5,000 feet. 

An explanation of the theory of formation by convection 
of this summer fog has been given by Petterssen.' The 
maintenance of the inversion necessary for the fog to form 
was shown to be due to differences in the radiative quali- 
ties of different air masses by Bowie,’ and was later ampli- 
fied by Blake * and Petterssen. 

Explaining the processes involved in the formation of 
the fog, Petterssen says: 

The air which produces fog is unstable and the fog or stratus 
forms because of convection under the temperature inversion sepa- 
rating the Pacific air from the dry air aloft. Outgoing radiation 
from the top of the moist layer is effective in maintaining the tem- 
perature inversion and the instability of the air. 

The surface air particles are forced to rise due to the 
instability of the air, and fog is formed if the condensation 
level of this air is below the base of the temperature 
inversion. Figure 1 shows a typical temperature-altitude 
curve which favors fog formation. 

A practical method of using the theory outlined by 
Petterssen has been worked out at the Pasadena office for 
forecasting the extent to which the fog will form inland. 
The forecasts are for use in forest fire control and are made 
every evening. Therefore the periods covered by the fog 
forecasts are for that night and the following morning. 

Since fog may form when the convective condensation 
level of the surface air particle is lower than the base of 
the inversion, it is first necessary to determine the height 
of this base which will prevail dating the forecast period. 
Although it is admitted that a more accurate method, 
such as an aerographic sounding, should be used to deter- 
mine the air structure just prior to making the forecast, 
the height of the base of the inversion can be closely 
estimated by various indirect methods. For example: 
(1) Ceilings are reported from airway stations along the 
coast. If fog is just forming or has just formed, reports 
from these sources will give an estimate as to its height. 
(2) Changes that have taken place in the air structure 
since the morning aerographic soundings were taken at 
San Diego and Long Beach may be estimated. Changes 
in wind direction in the air below the inversion are the 
primary reasons for changes in the height of the base of 
the inversion, according to Petterssen. 

1 On the Causes and the Forecasting of the California Fog, Sverre Petterssen, Journa 
of the Aeronautical Sciences, vol. 3, July 1936. 

2 The Summer Nighttime Clouds of the Santa Clara Valley, California, Edward H 
Bowie, MONTHLY WEATHER REVIEW, vol. 61, February 1933, pp. 40-41. 


3 Further Conclusions From Additional Observations in the Free Air Over San Diego 
California, Dean Blake, MONTHLY WEATHER REVIEW, Vol. 62, June 1934: pp. 195-199. 


The next consideration is the possibility of a change in 
the air mass, during the forecast period, which would 
change the air structure. This can be determined from 
the synoptic chart; however, in southern California dur- 
ing the summer very few changes of air mass take place. 

Since no fog dan tins above the base of the inversion, 
out attention is directed to all the area lying below this 
elevation. From surface reports of temperature, relative 
humidity, and pressure, the mixing ratio of the air in the 
area is determined. On a pseudo-adiabatic chart, from 
the _ where the saturation mixing ratio line (corres- 
ponding to the mixing ratio of the surface particle) crosses 
the base of the inversion, the dry adiabat is followed down 
to the surface elevation of the forecast area; this will then 
give the critical temperature, i. e., the temperature to 
which the surface air must be cooled before fog will form. 
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Fiaure 1.—Temperature-altitude curve, July 20, 1937, Long Beach, Calif. 


The next consideration is the probable minimum tem- 
rature that will be reached during the forecast period. 
og should be predicted in all areas where the tempera- 
ture is rear 1 to fall below the critical temperature. 
In using ceiling heights as reported by coast airway 
stations for determining the base of the inversion, it has 
been found that in some cases the reported ceilings are so 
low that they cannot be explained as due to changes in the 
air mass subsequent to the morning aerographic soundings 
taken at San Diego and Long Beach. The low base of 
the inversion would indicate that fog could occur only 
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along the immediate coast at low elevations; however, as 
shown by Petterssen, in several cases the low ceiling was 
due to a double inversion that produced fog in the morning 
some time after insolation had destroyed the small lower 
inversion. 
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FIGURE 2.—Diagram showing method employed to calculate the Sappts necessary 
to produce fog at Pasadena on the evening of July 18, 1937. The solid diagonal line is a 


An example of a double inversion at Pasadena occurred 
on the morning of July 19, 1937. When the forecast was 
made the previous evening, the base of the inversion was 
estimated to be about 600 meters, as determined from the 
morning aerographic observations. The surface-mixing 


ratio at Pasadena was calculated to be about lig/kg. 
From an altitude of 600 meters (see on 2) on the lig/kg 
curve of mixing ratio Lae ce own along the dry 
adiabat to the surface elevation of Pasadena a temperature 
of 17.8° C. was found necessary to produce fog. The 
minimum temperature for the next morning was expected 
to be several degrees lower than that; therefore fog was 
expected to form. 

At 7:50 p. m., July 18, the airway reports indicated 
temperatures from 17.9° to 18.4° C. and mixing ratios of 
about 1lg/kg on the coast. Projecting the surface sea 
level temperature upward along the dry adiabat to the 11 
curve of constant saturation mixing ratio would indicate 
a convective condensation level between 300 and 
350 meters. Yet no fog was reported overhead by any 
of the stations, which would indicate that the base of the 
inversion was below 300 meters. Some of the stations 
reported low fog banks seaward, which would also indi- 
cate the base of the inversion to be very low. Since there 
was no justification for such a low base for the inversion, 
as shown by the synoptic situation, the only conclusion to 
be drawn was that a double inversion existed in the air. 
This proved to be true because by 4:50 a. m., July 19, fog 
was reported all along the coast, with ceilings ranging 
from 150 meters to 240 meters. No fog had occurred at 
Pasadena or Burbank up to this time. At 6:30 a. m., 1 
hour and 45 minutes after sunrise, when the lower inver- 
sion was destroyed, fog formed at Pasadena and continued 
until about 7:45 a. m. Burbank reported dense fog at 
6:50 a. m.; and the ceiling at San Diego had risen to skews 
400 meters. 

A plotting board was constructed to aid in making 
quick analyses for fog forecasting: On one side a Millar 
nomogram ‘ is mounted under celluloid for determining 
the surface mixing ratio. On the other side a pseudo- 
adiabatic diagram was mounted to be used in determining 
the temperature necessary to produce fog. 

The method of fog forecasting presented in this article is 
considered to be reliable whenever the height of the base of 
the inversion can be closely determined, and when a fall in 
temperature below that necessary to produce fog is pre- 
dictable. In the short period of 4 months’ trial at Pasa- 
dena it has been highly successful. 


«Rapid Methods Of Calculating The Rossby Diagram, F. Graham Millar, Bulletin 
of the American Meteorological Society, October 1935, pp. 229-233. : 


SYNOPTIC ANALYSIS OF THE SOUTHERN CALIFORNIA FLOOD OF MARCH 2, 1938 


By Cuarues H. Pierce 
(Weather Bureau, Washington, June 1938) 


On the morning of March 1, a deep Low with a wide- 
open warm sector was centered at latitude 34° N., about 
half way between San Francisco and the Hawaiian Islands. 

The warm front of this Low was peculiar because instead 
of extending southward, as do most warm fronts of the 
Pacific Lows in this locality, it extended east-southeast- 
ward and was connected to a cold front of a preceding 
system which had passed inland on the previous day. 

his cold front extended through southern California 
and passed into Mexico during the day, giving California 
temporary clearing that afternoon. 

In the meantime, the Low which was centered at 34° N. 
and 140° W. was occluding and moving rapidly northeast- 
ward, being centered at approximately 39° N. and 132° W. 
at 4:30 p. m. (all times Pacific Standard). In spite of the 
rapid occlusion near the center, there was still a very 


extensive warm sector with a supply of moist Tropical 
Pacific air a short distance southwest of southern Cali- 
fornia. With the Low moving so rapidly northeastward 
it meant that the cold front that had passed southward of 
the international boundary would soon change its direction 
of motion, and start returning as a warm front. 

Late that night rain was already falling along the coast 
from the overrunning warm air to the southwest. 

At 4:41 a. m. March 2, the low center was off the Oregon 
coast with an occluded front, north of Marshfield and 
Roseburg, Oreg., which curved sharply southwestward into 
California. e position of the fronts and the pressure 
distribution over California at 4:41 a. m. is shown by the 
map of that time for March 2. 

the following 6 hours the cold and occluded fronts 
advanced rapidly eastward with the warm front moving 
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with equal speed to the northeast. The position of the 
fronts and pressure field at 10:41 a. m. is shown on the 


map. 

The warm-front passage was not noticeably marked 
along the coast and in the valley stations, although in most 
cases the wind shifted from southeast force 4 Beaufort, to 
south or south-southwest force 5 Beaufort, accompanied 
by a temperature and dew-point rise of 3° to6°. Burbank, 
for instance, shifted from southeast 15 miles per hour to 
south 13 miles per hour with temperature and dew point 
rising from 56°/56° to 61°/61° within 35 minutes from 8:41 
a.m. to9:15a.m. The front passage was more marked 
at the higher stations. Sandberg shifted from south 26 to 
south-southwest 48 with temperature and dew point 
increasing from 45°/45° to 48°/48° at 10:41 a. m. and to 
50°/50° within the next hour. Palmdale shifted from 
north 8 to west-southwest 43 with the temperature and 
dew point jumping up from 50°/50° to 58°/55°. It may 
have been that some of the cold air was trapped on the 
southern slope of the mountains, but it seems likely that 
this air was mixed with the Tp air under the strong 
turbulent conditions that prevailed throughout this area. 

One of the most interesting features of the storm was the 
rainfall pattern before and after the passage of the warm 
front. Table 1 shows the hourly rainfall for seven stations 
in the Los Angeles area. Los Angeles, Van Nuys, and 
Claremont are valley stations, while the others are located 
along the slope of the Sierra Madre Range and are termed 
mountain stations. The location and the elevations of 
these stations are shown in figure 1. 

It will be noted that during the hours before the warm- 
front passage in the early morning, the rainfall for all 
stations was about equal with an hourly rate between 
.30 and .75 of an inch. After the warm front had passed 
to the north of the Sierra Madres, there was a noticeable 
increase in the hourly rate for the mountain stations 
with continuous heavy precipitation amounting to over 
1.60 inch per hour in most cases. On the other hand, the 
rainfall at the valley stations did not increase at all, but 
showed a shower type of precipitation that one would 
expect in the conditionally unstable tropical maritime 
air. The hourly rates at ine Angeles seen in the table 
from 10:00 a. m. to 4:00 p. m. indicate this. 

The heavy rainfall for the mountain stations may be 
explained by the more rapid lifting of the Tr air against 
the southern slope of the mountain. As Daingerfield 
states in his paper on this storm, the Sierra Madres acted 
as a permanent front to the air in the warm sector. How- 
ever, the front caused by this mountain range was much 
steeper than the normal warm front between two air 
masses. The rough cross section through Los Angeles 
and Palmdale, figure 2, indicates the difference in stream 
lines of the tropical air before and after the front passage. 
At 4:41 a. m. all the stations were within the cold air, and 
the Tp air was being lifted along the front at the same rate 
over all the stations. Six hours later, after the front had 
passed, the air flow was such that the lifting of the Tp 


air was very pronounced on the southern side of the 
ranges, resulting in the heavy rain on these slopes. 

The frontal motions decelerated late in the morning and 
during the afternoon. The cold front passed Bakersfield 
before 11:41 a. m. with the temperature dropping 7° and 
a shift of wind from Southwest to Northwest. Sandberg 
showed a very decided front passage about 1:41 p. m. 
The passage of the front in the valley stations was masked 
by the topography as usual, although there was a diminish- 
ing of the wind velocity and a slight shift of wind to a 
westerly component. Also the temperature and dew- 
point dropped 3 to 5 degrees. 

There was no marked increase in the rainfall with the 
cold-front passage, although it was accompanied by a 
shower about equal to the heaviest hourly rainfall of the 
storm for the particular station. The reason that the 
rainfall was not any heavier at the time of the cold-front 
passage, in the mountains anyway, was because it prob- 
ably did not offer any additional lift to the tropical air. 
The passage of the front was marked by the eastward 
progress of the final shower, as will be seen upon the stud 
of table 1. Following the passage of the front, the rainfall 
became light even at the mountain stations, and by 5:41 
p. m., Burbank and Palmdale reported breaks in the 
clouds. The location of the fronts and the pressure field 
at 3:41 p. m. and 4:41 p. m., is shown on the maps. The 
hourly positions of the cold front from 2:41 p. m. to 5:41 
p. m., inclusive, is shown also in figure 1. 

In review then, the synoptic causes of the record break- 
ing rainfall for southern California during the storm of 
March 2, 1938, were mainly the following three: (1) 
There was a good supply of moist Tropical Pacific air 
over a large area of the ocean southwest of the southern 
coast. This had been transported into this region by 
several waves moving across southern California prior to 
March 2. (2) The storm of March 2 had a circulation 
and a frontal set up such that excessive rains could be 
Peay: (3) The orographic effect produced rapid 
ifting of the warm moist air. 

In the first place the storm had a steep pressure gradient 
which rapidly transported Tropical Pacific air northeast- 
ward from an extensive warm sector. This air moved 
almost normally to a steep warm front surface which pro- 
duced in the neighborhood of 3 to 5 inches of warm-front 
rains at the hourly recording stations. 

After the warm-front passage, convergence within the 
airmass caused by the rapid transport of air into the low- 
pressure area and convergence caused by deepening of the 
Low in this area produced unstable conditions of the air 
which would have probably caused heavy showers even 
over flat country. However, orographic conditions in 
the form of the Sierra Madre Range directly across the 
path of this rapidly-moving conditionally-unstable air was 
the main factor in the excessive rains. Then added to 
this, the stream of Tropical Pacific air prevailed unabated 
for 6 hours across this region before it was cut off by the 
passage of the cold front. 
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FIGURE 1.—Map showing hourly progression of cold front from 2:41 to 5°41 p. m., March 2, | — Tos ANceves Yj 4 


1938, in relation to location of recording rainfall stations in Los Angeles area, 
Sea Level 


FiGure 2.—Cross section extending through Los Angeles and Palmdale, Calif., showing : 
streamline flow of Tr air before and after the warm front passage. . 


TaBLE 1.—Hourly precipitation amounts, 9 p. m., March 1, to midnight, March 2, inclusive 


March 1 March 2 March 2 
Station P.M. A.M. P.M. Total x 

Mid- Mid- 

9) 10) 11 nignt} 2} 2) 3) 4/5) 6) 7) 8) 9] 10) 1) 4) 5) 6) 7) 8) 9) 20) 
Clar 0. 10/0. 21/0. 10/0, 10/0. 17/0, 29/0. 45/0. 45/0. 58/0. 43/0. 39/0. 17] 0, 23}0. 23/0, 50/0. 40}0. 24/0, 22/0. 44/0. 40, 5.81 
Clear Creek, No. ----|----/0.10) 25) . 22) .08) . 15) .35] .37) . 38) . 41) .75) . 88/1. 50/1. 00] 1. 40/1. 40/1. 35/1. 20] . 94) . 55) . 20) . 23/0. 13) .05) 0.08) 14, 11 

Crystal Lake, No. 283A (East Pine 

----|----] .08] 15] . 24] . 12) .21) . 23] .33) . 46] .35) .79] . 7611.07] 87/2. 48/1. 57/1. 50] . 36) . 17] . 31) . 07] . 18 14] 14.49 
Hoegees Camp, No. ----/0.01] . 15) . 22) .36) .42) .50) .49) . 72) . 53/1. 17/1. 20) 95)1. 20/1. 11/1. 31/1. 47) . 79) . 20) . 27) . 01) . 11) . 05 06) 14. 84 
Ol] 24) . 10) . 07) . 14) . 44) . 68) . 34) .77) . 54) . 50) .02) 33) .08) . 41) . 19) .42) . 20) T | 6.28 
Opids Camp, No. 57 ----| .O1] .13] . 13} . 24) . 39) . 40) . 56) . 75) . 54) . 96/167] .92) 1, 09/1. 37/1. 45] . 38/1. 42 90) 21] . 07] . 19} .07) . 12 00) 14. 86 
----| .02} .10} 20) . 08) . 08) . 24) . 38) .39) .39) .32) .44/ .20) .19) .60] . 48 5. 68 


! Included in next hour. Gage at capacity during interval. Standard gage reading used. 
2 Automatic gage reached capacity at 2:18 p.m. Interpolation made from intensity gage readings for the remaining hours. 
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SOUTHERN CALIFORNIA RAIN AND FLOOD, FEBRUARY 27 TO MARCH 4, 1938 


By Lawrence H. DaIncEeRFIELD 
[Weather Bureau, Los Angeles, Calif., June 1938] 


The season of 1937-38 (beginning Jul 
been marked by wide contrasts in rainfall over southern 
California. Los Angeles was rainless from May 31 to 
October 2, 1937, inclusive, a period of 125 days, followed 
by 67 days, or until December 8, 1937, with only two 
light showers, totaling 0.03 inch. The combined period 
of 192 days had only 0.03 inch of precipitation. This 
long dry period is second only to that of 1927, when no 
measurable rainfall occurred at Los Angeles for the 197- 
day period from April 13 to October 26, although traces 
were recorded each month. The recent drought was 
rather definitely ended by the rain of December 9-12, 
1937, and was ample and approximatel 
normal during the remainder of December and throug 
January 1938. 

The closing days of sepeeey however, were marked 
by intense disturbances over the Gulf of Alaska and ad- 
jacent North Pacific waters, with strong southeasterly 
trends near the Pacific coast of North America, which had 
been absent or deficient in the earlier depressions of the 
season. This change in storm development and move- 
ment ushered in a period of almost continuous and 
frequently heavy rainfall over this area of California 
during the first half of February, during which period the 
soil became well saturated with moisture. 

The tendency to form disturbances near and off the 
Pacific coast featured the late January, February, and 
—_ March period. A storm which developed northeast 
of Hawaii moved slowly eastward (followed by a well- 
developed Pacific HIGH) and moved inland near the Bay 
region on February 9. This was an exceptionally violent 
disturbance, attended by throughout Cali- 
fornia, heavy over the northern part of the State, and high 
winds and gales over most coastal districts and inland to 
and beyond Sacramento. 

A series of North Pacific and Gulf of Alaska depressions 
prevailed from February 26 to March 4, 1938, extending 
their maximum sphere of influence hundreds of miles 
farther southeastward than normally over the Pacific 
coast area. On February 27, a rather shallow distur- 
bance moved slowly in over the southern California coast 
attended by a general light rain on the 27th, and inter- 
mittently through the 28th. During the night of Feb- 
ruary 28—March 1, heavy rain occurred as the result of the 
passage of a cold front which moved in from the north- 
west. No general rain occurred after this frontal passage 
until March 2, with the arrival of a more intense dis- 
turbance. This disturbance likewise developed northeast 
of the Hawaiian Islands and while the center moved to the 
Oregon coast, the ram of greatest intensity took place 
over southern California. Warm-front action and a 


1, 1937) has 


pronounced orographic effect produced the greatest in- 
tensities and amounts of precipitation of the entire storm 


eo which were directly the cause of the great flood. 
howery conditions on the 3rd and 4th were followed 
by frequent threats of rainfall thereafter for 9 or 10 days 
and actual rain on several days from a series of depressions 
appearing off the California coast, which moved slowly 
inland over the coast to the northward of the Los Angeles 
region. These were followed, however, by a well-defined 
anticyclone on the 13th, located over the Pacific Ocean 
near the thirtieth parallel. The establishment of this 
high pressure field, and its continuance in modified form 
during the remainder of March brought relief to the 
flooded areas, through the attending fair weather. 

The saturated condition of the soil in Ventura, Los 
Angeles, San Bernardino, Orange, and Riverside counties, 
from mountains to coast, prior to the arrival of the major 
storm of March 2, 1938, prepared the way for the heavy 
run-off. 

While the rainfall over the area involved, during the 
cold-front passage of late February 28 to March 1, was 
generally excessive and the run-off rather marked, damage 
would have been small if it had not been followed, after 
the lapse of a few hours, by the second and much heavier 
rainfall of late March 1 to 2, inclusive, with slight amounts 
occurring on the 3rd and 4th. The run-off from the March 
2 storm was extremely high, bringing with it vast quan- 
tities of silt, gravel, boulders, and debris generally. 

As in the case of the historic 3-day rainfall (over a 
lesser part of the area more recently covered) of December 
30, 1933-January 1, 1934, inclusive, the orographic 
influence was a decidedly potential factor. The San 
Gabriel and the San Bernardino Mountains, with their 
east-west trend, lying directly across the path of the 
moisture-laden winds, performed the functions of fixed 
and permanent “fronts” mechanically accomplishing the 
chilling of the tropical maritime air and precipitating its 
moisture during the recent storms as in the case of the 
great 3-day storm of 4 years ago. Just as the 3-day 
storm was a record breaker for the period and area 
involved, so was the recent 5-day rainfall the heaviest 
known for the period involved—at least since accurate 
measurements have been generally available. 

In the recent storm period, the greatest recorded 
amount, 32.20 inches, occurred at Kellys Kamp in the 
San Gabriel Mountains at an elevation of 8,300 feet. 
Also, in the same mountains, Hoegees Camp, elevation 
2,650 feet, reported a total of 30.08 inches; this same 
station received the greatest amount in the 1934 New 
Year’s storm (19.91 inches). In the San Bernardino 
Mountains, Lake Arrowhead, near the headwaters of 
Deep Creek, which will be referred to later, at an elevation 
of nearly 5,000 feet, reported 30.49 inches. A consider- 
able number of mountain stations received between 20 
and 30 inches of rain as shown in table 1. 
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{Precipitation for 24 hours ending near sunset unless otherwise indicated] 


MONTHLY WEATHER REVIEW 


TaBLe 1.—Precipitation data (inches and hundredths), Feb. 27 to Mar. 4, 1938, inclusive, for Ventura, Los Angeles, Orange, San Bernardino, 
and Riverside Counties 


May 1938 


Eleva- February March Greatest 
tion Storm 
Station Latitude | Longitude above total 
m.s.1 27 28 1 2 3 4 lhour | Date 
° ° 
LEE 34 30 118 16 3, 075 0. 54 0. 23 0. 89 3. 05 5. 55 
Aliso, ine 33 (43 117 50 62 .30 1.00 96 1.27 6. 03 
34 20 118 03 4, 050 1,24 93 1. 62 7. 64 13. 02 
34 12 118 08 1,328 1.86 2.75 2.18 8. 33 15.74 
Anaheim (Orange 33 «50 1, 57 1.93 2.13 8. 63 
34 13 118 11 1, 530 1.26 2. 62 2. 62 8.10 15. 60 
Arroyo County 34 12 118 ll 1, 155 1.65 2. 83 3. 23 8. 47 17. 54 
cece eres 34 05 118 53 1, 155 42 1.89 2. 74 5. 98 12.00 
Avalon 33 «21 118 19 30 .49 1.62 1,22 1.45 6.99 
34 08 117 54 602 1.33 2. 25 2. 30 6.72 13. 44 
34 «(09 117 55 675 1.25 2.34 7.00 13. 96 
34 36 118 12 65 1.74 3. 57 
34 05 117 58 378 1.60 1. 60 1.71 5. 68 11. 46 
33 52 116 (55 2, 580 . 63 1, 28 1.76 1.01 9.09 
33 55 116 55 3, 040 45 95 1.75 90 10. 76 
33 (59 118 ll 160 1.65 1.31 1.85 4. 60 9. 83 
34 «11 117 48 2, 850 (@) 6.18 62 9. 40 17.20 
34 10 117 48 1,880 1. 56 6. 38 . 68 9.32 19. 04 
Sa Sea 34 05 118 24 255 1.42 2. 24 1.79 6. 08 11, 83 
34 08 117 28 1, 750 (2) 5. 50 2.15 (2) 17.40 
Big Bear Lake Dam__-.--- 34 14 116 59 6, 800 4. 96 3.39 1. 54 15. 06 26. 95 
p 34 10 117: 49 1, 575 1,24 3. 66 3.42 6. 58 14. 97 
117 41 6, 860 2.00 2. 59 1, 68 6. 80 17.85 
34 17 118 12 2, 050 1.20 3. 28 3. 00 10.83 20. 36 
34 27 118 09 2, 900 1.17 ~27 91 5.82 8. 65 
34 il 118 16 1, 250 1. 33 2.08 2. 54 7. 02 13. 73 
34 (14 118 14 2, 616 1.18 3. 36 3.15 8. 88 18. 53 
ii 118 18 650 .07 1. 26 1. 92 .70 7.01 
34 118 18 665 141 1.79 2. 43 6. 43 12.77 
34 «(09 118 38 950 . 93 . 96 1.70 5. 07 9. 12 
California Institute, No. 308..............----.22.+.---.-s- 34 «(08 118 08 763 1. 62 2.72 2.27 5. 60 , 14.77 
4 117 39 4, 320 (@) 3.95 4.50 12. 00 1.78 2 23. 23 
Carbon Canyon, No. 20 (Orange 33 «58 117 46 1, 150 15 1.95 1. 76 2. 80 2.70 9, 51 
34 07 117 44 1, 196 .79 1, 25 1. 68 5.73 | re 9.99 
34 16 118 10 3, 200 1.34 3.39 3. 61 3. 20 10. 61 . 22 1.87 2 23. 37 
33 36 53 50 30 1.12 1.18 1. 16 5. 59 
33 52 117 35 850 1.35 1, 35 1, 05 4.30 8. 80 
34 05 117 52 575 1, 36 1. 48 1, 86 5,13 11,10 
34 06 118 44 575 2.75 2.90 6. 25 13. 38 
34 07 118 21 1, 125 1. 48 2. 05 1.94 6, 25 12,17 
33 49 45 5, 550 . 50 1,74 3. 00 3. 10 6. 73 16, 39 
34 13 118 ll 1,000 1,31 2. 38 2. 38 9. 55 1.14 2 16.70 
34 117 25 2, 500 . 38 3. 40 3.12 1. 68 7. 35 16, 18 
SE 33 «56 118 08 132 1. 65 . 61 1, 47 4. 01 8.05 
Dry Canyon 34 28 118 32 1, 507 . 05 . 67 1, 21 1.02 2. 31 5. 37 
East Pine Flat, No. 34 «#19 117 ‘51 5, 742 1,72 5.05 3. 31 12. 62 1. 69 2 25. 84 
34 «(13 118 07 3, 219 1.78 1.80 2. 80 @) 9, 39 16, 25 
34 40 118 25 400 0. 80 1.79 1.22 5.41 .90 10. 24 
E! Monte, No. 108B (city hall)..............--.....-..--.- 34 05 118 02 301 (2) 2. 65 2. 08 6.39 5) a Se ee eee 11. 65 
33 25 1.11 1.23] 3.16 54 6. 69 
Elsinore '.. -.....----22222-22-----002222---00--00--22--oee 33 20 2.18 .32 1.02 4.04 1. 88 9. 63 
Elsinore Dr, 1.00 1.43 1.07 93 4.41 9. 27 
El Toro C. C. C. camp * 28 1. 06 1. 63 1. 46 2.91 7. 62 
Fairmont (near nh + - 1.65 1.83 1.15 4.00 9.12 
Fern 8 hots (San Dimas X) 1.58 6. 06 62 9. 72 48 2 18. 68 
Franklin Reservoir (upper), No. 11 1.42 2.14 2. 26 4. 62 SO) eS ae 26 Se 10. 89 
Fullerton (Orange County) !_....-- 1.47 85 1.39 2. 21 2.60 4 9.14 
Gage Canal Headgate .16 1. 62 1.00 .92 3.95 8. 35 
34 40 1.16 2.01 5.33 .48 9. 47 
34 09 118 16 526 55 2.78 2. 50 3.35 4.87 14. 34 
34 10 18 14 653 1.39 3. 64 1.90 3.15 3.84 14. 00 
34 09 117 50 950 2. 59 1.48 2.44 8.17 52 15. 33 
Griffith Park Nursery, No. 257.......--------------------- 34 07 118 17 750 @) 2. 20 2.00 2. 60 Ps ee Aa 8. 69 
Haines Canyon (upper) 34 «(16 118 15 3, 450 1. 57 3.31 2.95 10. 39 1.16 19. 40 
34 16 118 16 2, 250 1.27 2.70 2. 36 7.80 15. 00 
Hamilton Bowl (Southwest Sig 33 48 118 10 25 1.10 36 1.14 3.15 6.17 
Harkle Road, No. 54 (Orange County) 33 41 117 ‘48 100 1,18 1.19 1.06 2.47 6. 03 
34 12 118 05 2, 600 1.30 4.03 3.15 9. 50 19. 26 
Comat, 10. 34 18 117 50 4, 650 1.55 4.17 3. 35 12. 76 .44 22. 37 
Headwork’s Power Plant, No. 272, Burbank_._......____- 34 09 118 18 473 1.44 2.09 2. 46 7.31 c ger Reet eee 13. 85 
H. C, Citrus Station (Riverside County) 52 1.10 71 2. 56 5. 28 
Hemet (Riverside County) 33 45 116 57 1,700 65 22 1.65 .78 2.07 | 5. 50 
Hemet Lake Dam (Riverside County) 000 68 1.55 82 5. 38 8.94 
34 12 118 02 2, 750 1.71 7.82 4.06 13.95 1.58 2 30. 08 
Home, No. 61 (Orange County) !__._...........-...-.-.-.- 33 43 117 47 130 . 30 1.15 1.18 1.3 2.45 ee 6. 43 
33 52 116 47 3, 600 29 2.00 1.80 6. 26 12. 05 
Irvine, No. 55 (Orange 33 40 117 45 200 -32 -97 1. 54 1.35 4. 23 8. 48 
Irvine, No. 125 (Orange 33 «41 117 46 197 1. 45 1.30 1, 26 8. 03 
Johnson, No. 56 (Orange 33 117 43 320 1.06 1.90 1. 87 9. 00 
Johnson Ranch, No. 22, Canoga 34 «13 118 39 930 1, 26 1. 52 5.41 9. 48 
34 14 117 36 8, 300 1.80 3. 05 4.00 17. 55 4.90 32. 20 
34 14 118 14 2, 264 1.18 3. 76 3. 05 9. 42 18. 35 
La Crescenta, No. 34 14 118 14 1, 565 1.21 3. 35 3.08 10. 27 18. 80 


1 Precipitation measured near sunrise. 


2 Included in next following measurement. 
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TaBLe 1.—Precipitation data (inches and weumienee ~~ 27 to Mar. 4, 1988, inclusive, for Ventura, Los Angeles, Orange, San Bernardino, 


Riverside Counties—Continued 
[Precipitation for 24 hours ending near sunset unless otherwise indicated } 
Eleva- February March Greatest 
tion Storm 
Station Latitude | Longitude above total 
m.s.1 27 28 1 2 3 4 1 hour Date 
° ° 
33 32 117 46 205 . 8 1.44 2.32 1.06 6.42 
Lake Arrowhead 34 15] 117 12] 5,000 35] 7.40) 433] 3.40] 1451 . 50 } 30.49 
1 Lambert, No. 57 (Orange 33 (42 117 43 400 1,12 1, 65 1,35 3. 65 8. 54 
Lecheeza Patrol Station, No. 34 (05 118 53 1, 530 . 60 2.42 2. 85 5. 84 1. 25 13. 04 
Leffingwell Ranch, No. 266 “(East Whittier)!_ 33 (56 118 00 253 (@) 1.95 1.98 2.53 3. 03 9.75 
) 33 «46 117 1, 000 1.27 1.81 1.43 4.75 9. 68 
Lytle Creek P. H. (Southern California Edison Co.) 34 12 117 27 2, 225 1.75 4.10 2.45 9.10 2. 55 20, 48 
) Lytle Creek (Base Line 34 08 == . 30 1.0 1.72 1.60 5.04 11. 52 
Live Oak (Sycamore O07 117: 45 1, 530 1.84 1. 85 5. 51 1, 68 11, 85 
| 30 117 47 3, 400 1.27 47 1.75 — 4. 52 
} Long Beach 33 «46 118 12 70 .02 1,38 1,63 3.30 7.38 
} Los (Municipal 33 (56 118 2 97 1 1.71 2.08 1.96 7.26 
34 «(05 118 36 747 1.27 3. 08 3. 08 7.98 . 35 | 15.74 
) Mill Creek, No. 3 (Southern California Edison Co.)!__._.- 34 05 117 03 2, 950 1.16 .92 1.31 3. 57 3. 40 eens aad 10. 92 
Morro, No. 49 (Orange 33 34 117 49 100 1. 62 1.12 1. 53 7.42 
13 118 O04 5, 850 2.16 5.93 3.99 11. 83 de 1.32 2 26. 23 
Mouth of Lopez Canyon, No. 421 (Fillmore Station) 34 118 24 1,173 T 1.41 2.41 1.80 2.96 8.99 
Mouth of San Antonio Canyon. 10 117 40 500 . 8 3.34 2.35 (@) 16.84 
Newark (San Bernardino, 42d St. at .B 1.93 1.93 1. 65 6.02 12. 57 
Neenach (Lake Tweedy) 34 44 118 34 905 1.17 1. 87 4.78 .25 8.75 
34 «23 118 32 1, 245 1.05 1.40 1.85 aie tent 10. 46 
34 «(10 118 24 630 1,40 1.30 1.83 5. 32 Py 10. 13 
34 12 118 23 732 . 50 1, 52 1.92 2.07 8, 28 
34 118 2, 000 1.60 3.14 1.91 19. 15 
34 12 117 ‘41 991 8 3.34 2. 35 16. 84 
34 118 06 4, 254 1.79 4. 89 3. 21 14. 92 2.44 02 1.82 2 27.27 
15 118 24 955 96 1.44 1.538 4.97 9.71 
34 «(20 118 24 1, 700 . 88 2.01 5. 38 11,48 
34 118 07 1.41 . 87 . 76 2. 39 5. 57 
33 50 116 34 584 49 .10 .70 . 58 4.00 5. 96 
33 118 22 450 2.10 1. 52 2.00 6.72 
 paaeemmaseomineanpespacagece 4 0 118 08 865 1.72 2. 53 2.18 7.70 . 68 14. 81 
34 «(08 118 09 852 44 3.53 2. 70 3. 64 4.59 14. 95 
33 «48 117 14 1, 466 1.00 . 55 1.15 1.10 2. 63 6. 55 
33 «(47 117 46 550 .31 1.30 1.23 1.35 2.18 4.46 
34 15 118 13 4,250 1.43 3. 60 3.14 8.12 1. 06 17. 35 
Piru, No. 503: (Newhaii Ranch). 34 24 118 44 675 1.33 1. 53 5. 39 9. 23 
34 03 117 45 870 -12 1,45 2.11 2.17 4.21 10. 06 
Pomona, No. 34 04 117 45 857 .10 1.55 1.87 2.45 3. 52 9. 73 
Power House, No. 1 (L. A. C. P. 34 35 118 27 2, 100 95 1. 64 1. 50 3. 82 .31 8. 22 
Power House, No. 2 (L. he &: -. 34 32 118 31 1, 580 T . 87 1.78 1, 62 2. 63 8. 08 
Power House, No. 3 (L. = C.F, 3 «19 118 30 1, 248 T 1, 22 3. 21 1.97 3. 62 10. 23 
Puddingstone Dam, No. 96..........--. 34 «(06 117 48] ° 1,030 1.00 1. 64 1.68 5.45 Li 11.01 
Puente, No. 254__.........- 34 00 117 56 466 25 2.00 2.05 2.85 2. 95 10. 24 
Radium Hot Springs 34 36 118 33 2, 041 44 1.79 1.79 8. 30 8 13. 12 
Raywood Flat! 34 «08 116 530 7, 200 . 50 4.00 3. 50 1,85 13. 50 24. 23 
117 ‘12 1, 360 1,10 1. 05 1. 66 3. 08 7.71 
33 «58 117 26 895 1.72 1.46 5. 26 
Roscoe, No. 14 !_____.___..--.--- ow 4 Mu 118 22 1,000 ib 1.71 1.91 1.37 3. 33 8. 51 
34 «(07 117 16 1,172 1.36 1,10 134 4.46 1. 56 9. 82 
Salt Works X (Orange 33 38 117 ‘53 40 .37 90 1.04 1.14 2.02 5.47 
San Bernardino (2d and D 117 18 1,048 .41 1. 67 1.38 1.04 44 9.90 
dberg. = oa 3 44 118 43 4, 250 () 1, 65 1.59 () 4.33 7. 57 
06 117 48 960 1.12 1. 67 1.90 6. 20 1.04 
San Dimas Dam, No. 89 !_-. 4 09 117 46 1, 350 1.14 2.22 2.90 7.18 1.24 4.68 
34 «(17 118 27 960 .03 1.31 2. 64 1, 86 3.03 8.93 
San Fernando Reservoir, No. 293 (lower) aren imrenetnaginanal 3 (17 118 2 1, 150 1.30 2. 65 2.10 3. 25 .07 9. 37 
San Gabriel Camp, No. 1, 13 117: 1,600 1.43 3.75 3.12 12. 52 1.17 21.99 
San Gabriel Canyon, No. "379 (east PRPS aT “414 117 49 1,500 1.48 3. 36 2.88 10. 90 1.60 20. 25 
13 1, 251 2.83 5. 30 1,92 8.16 18. 49 
San Gabriel No. +" 15 117 335 1.90 4. 53 3. 52 13. 42 1.18 24. 55 
4 13 1, 600 1.36 3. 67 3.07 12. 19 1. 55 21.84 
San Gabriel Divide (San Dimas X). 4612) 448 
San Gabriel Power 34 «(09 117 54 850 1.37 2.80 2. 60 6.47 14. 85 
33 «47 116 57 1, 550 . 85 . 32 1.2 2.15 1.15 5.93 
33 «43 118 17 85 1.53 .90 1.28 5.10 
San Juan Capistrano (Orange County)!................... 33 «(31 117 +40 103 . 30 1.13 1.77 1.43 3. 03 7. 86 
33 46 117 ‘51 133 . LB 1.03 2.90 3. 26 é 9.40 
Santa Ana 33 45 117 52 130 . 37 1.31 1.38 1.43 2.00 6. 51 
= No. 1 ((intake) Southern California Edison |_........._}.......-.... 3, 517 1.05 1. 56 1.27 3.10 | Gauge washed aw 
Santa Ana, No. 3 (Bouthern California Edison Co.)!_______ «02 117 06 2,000 1.38 1.03 2.90 3. 26 9.92 
Santa Anita Dam, 34 «(11 118 1,400 1.30 4.06 3. 53 6.76 14. 38 
Santa Anita Ranger Sta 12 118 O1 1,7 47 7.12 7.41 29.00 
34 02 118 2 140 .80 1.90 1.5 4.11 9. 22 
San Gorgonio (Nevada, Calif. plant) 2.50 3. 50 1.50 12.15 75 & 20. 65 
Santiago, No. 102 (Orange 33 48 117 44 .32 1.47 1.75 1.47 4.43 bg 9 49 
No. 200 (substation Southern California Edison 2 118 34 1,093 . 58 -77 1.05 3.27 6.38 
1 Precipitation measured near sunrise. 


43 Precipitation midnight to midnight. 
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TABLE 1.—Precipitation data (inches and hundredths), Feb. 27 to Mar. 4, 1938, inclusive, for Ventura, Los Angeles, Orange, San Bernardino, 
and Riverside Counttes—Continued f 


[Precipitation for 24 hours ending near sunset unless otherwise indicated] 


Eleva- February March Greatest 
tion Storm 
Station Latitude | Longitude above total 
m. 8.1 27 28 1 2 3 + lhour | Date 

34 10 116 55 5, 000 1.42 98 2.10 8. 47 4. 69 18. 22 
34 118 28 815 .39 1.22 2.33 1.71 8. 82 
Shady, No. 51 (Orange 33 «38 117 48 300 1.20 1.72 1. 25 2.99 7.72 
Sierra (Southern California Edison Co.).—.............--.-].........--]_.....------]..-----..- 1. 25 4.51 3. 45 Gauge washed ork 
34 12 118 O1 1,050 1.54 4.18 2.18 7.89 16. 37 
Demi, No. 146. 34 11 118 02 1, 400 . 56 3. 54 2. 69 9.18 17.00 
Sleepy Hollow (Colby Ranch). .............-.--....----.- 34 «18 118 07 2, 950 2.13 1.70 2.45 10. 95 1.52 . 06 1.33 2 18.8 
33 «53 116 41 1, 300 @) 1.50 12. 50 
Soledad, No. 409 (Mitchell). 34 25 118 26 1, 472 1.61 1.40 4. 60 -40 8. 96 
34 «(15 117 13 5, 700 2.15 5.10 3.15 10. 97 4.70 26.17 
34 «13 118 02 3, 375 2.00 6.07 2.98 12.12 25. 13 
Sunset Canyon (Burbank No. 34 12 118 17 1, 650 1.29 2.01 2.44 6.78 13. 25 
34 16 118 09 3, 000 1. 20 2. 69 2. 02 12. 41 19. 78 

34 117 41 7, 500 1.80 1.40 . 88 4. 59 10. 38 
34 12 117 46 2, 700 1, 26 3. 66 3. 25 11. 24 1.38 21.10 
Tanbark Laboratory (San Dimas 34 «11 117 46 2, 675 1.23 6.34 .73 11. 47 - 82 2 20. 73 
po 34 05 118 36 747 1.27 3.03 3.17 6.70 1. 09 2 14. 33 
33 «43 117 48 125 .32 . 97 1. 54 1.35 8. 41 
University of California at Los 34 (04 2.49 2. 66 4.60 1.51 11. 56 
34 «11 118 27 695 .17 1.53 2. 46 2.24 3. 29 9.71 
33 «44 118 25 125 .78 . 39 1.27 2. 59 AD 5. 52 

34 29 118 08 3, 250 1.00 .30 .78 3.37 5. 93 
34 30 117 ‘21 2,713 .21 .73 . 68 -17 1.10 3.16 
Villabrook No. 70 (Orange 33 «48 1. 45 1.90 1.95 3.00 9. 00 
West Fork San Dimas Experiment_...__..........._._._.. 34 10 117 47 2, 100 1.14 5.34 . 82 8. 94 Sg ee .38 2 17. 24 
West Los Angeles (Sawtelle City Hall) No. 140....._.____- 34 038 118 27 232 (@) 3. 50 1.77 5. 21 ee aes ee 11.10 
Whittier Narrows No. 220 34 O1 118 04 195 1.16 1.13 1.78 4.75 9. 38 
33 «59 118 02 365 1. 28 . 67 1.65 4. 50 8. 83 
34 19 117 50 5, 369 1.65 5.02 3.35 12. 32 25. 68 
33 (47 118 16 40 1.39 1.49 -15 3. 67 7.33 
33 52 117 48 405 .70 1.77 2.43 3.34 9.21 


! Precipitation measured near sunrise. 
2 Included in next following measurement. 


The accompanying rainfall table lists 224 gaging sta- 
tions ' throughout the excessive rainfall areas of the 5 
counties affected—Ventura, Los Angeles, San Bernardino, 
Orange, and Riverside. The table shows the latitude, 
longitude, and elevation of the stations listed; also the 
daily rainfall, and the total catch for each of the several 
stations. Hourly intensities are shown also for stations 
exceeding an inch per hour or more. It will be noted that 
the hourly intensities were not phenomenal, generally— 
the highest analyzed being Clear Creek station with 1.87 
inches. It is probable, however, that not over 10 to 15 
percent of the stations possessed recording gages. It is 
interesting to note, that Opids Camp in the San Gabriel 
Mountains received 10.89 inches in 8 hours on March 2, 
1938, and that the following 24-hour amounts, all on 
March 2, were recorded: 


Inches 
Kellys Kamp, San Gabriel Mountains___________________- 17. 55 
Big Bear Lake Dam, San Bernardino Mountains_--____-___- 15. 06 
Opids Camp, San Gabriel Mountains__---_---.--.__---___- 14. 92 
Lake Arrowhead, San Bernardino Mountains_-_-_-----___- 14. 51 


Deep Creek, mentioned above, one of the main head- 
water tributaries of the Mojave River, rises in the San 
Bernardino Mountains between Big Bear Lake and Lake 
Arrowhead. It was the floodwaters of this stream that 
caused the Mojave River to flood out through the desert 
of the same name, resulting in much damage and over- 
flowing from Soda Lake through Baker to Silver Lake for 
the first time since 1922, filling the latter at its center to 
a depth of probably 22 feet. Both of these lakes are 

1 Including, besides the Weather Bureau coo tive stations, gages operated by the 
Los Angeles and Orange County Flood Control Districts, by the various counties and 
cities in the region involved, by power companies, by the Forest Service, Soil Conserva- 


tion Service, and by other agencies. public and private. The operators of the gages are 
indicated to some extent in the table. - 


usually merely dry beds. So far as known the floodwater 
caught in Silver Lake in January 1916 was the previous 
greatest amount, at least back to the sixties. It is with 
this thought in mind that the following is quoted from 

age 381 of the Mojave Desert Region of California, 
tr S. G. S. Water Supply Paper No. 578: 


After heavy rains in January 1916 so much water flowed down 
to the Mojave River that it not only reached Soda Dry Lake, 
but continued across the Playa to Silver Lake, which filled it 
to a depth of about 10 feet. It is said that practically all the water 
in Silver Lake, when the Playa of that name is flooded, comes from 
Mojave River, particularly the headwater region, and not from the 
desert land immediately adjacent to the Playa. 


As Silver Lake reached a depth of only 10 feet during the 
1916 phenomenal flood it is easy to see how much more 
water passed down the Mojave River during the recent 
flood to bring a depth of 20 feet or more to the said dry 
lake bed, and causing much flood damage in the vicinity 
of Victorville, Barstow, and Baker, including destruction 
of highways and railway beds. 

An attempt has been made to obtain accurate survey 
data on extent of areas overflowed by the floods in the 
several streams affected, the amount of damage, and the 
number of lives lost as a result of the floods. The surveys 
are incomplete at the present time and may not be com- 
pleted for several weeks. It is impossible to even approxi- 
mate the total areas flooded, but they will run into 
hundreds of square miles. The Los Angeles County 
agent has made a study of damage in this county alone to 
agriculture, from which we quote: 


Damage from flood waters in orchards 
Damage to vegetables and berries 
Damage to tilled crops 


yen 
4 
had: 
2 
41, 000 
’ 
| 


May 1938 
Damage to nursery stock. $30, 000 
Damage from rain and wind to oranges- - - -- -- 232, 000 
Damage from rain and wind to strawberries_.. 125, 000 
Damage from rain and wind to cut flowers___-- 35, 000 


The damage listed above is only a fraction of the entire 
loss in Los Angeles Caen alone, when highways, railways, 
buildings, soil erosion, livestock, poultry, automobiles, 
farm equipment, power lines, telegraph and telephone 
lines, etc., are all considered. Extend this loss to the 
other four counties involved and the loss becomes tremen- 
dous. A ~~ estimate, at the close of the flood period 
for southern California, was placed at $24,500,000. It is 
unlikely that an 


close approximation of the intangible 
losses, such as soil erosion can ever be made. 


It is known 
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that millions of tons of soil and subsoil were removed by 
floodwaters from the mountains, valleys, and lowlands; 
much of the eroded material was deposited over areas to 
become a burden or a real menace; large portions were 
actually washed into the ocean; large quantities filled the 
many storm debris basins and are being removed; untold 
tons were deposited in the bottoms of southern California 
artificial lakes and reservoirs. 

Data obtained from the American Red Cross show 
deaths from the great flood as follows: 


San Bernardino County 11 

79 


NOTES AND REVIEWS 


Monthly Observed Sunspot Relative Numbers for 1937, 
by Cuartes M. Lennanan.—The sunspot relative num- 
bers for 1937 have recently been published in the 
Astronomische Mitteilungen, Nr. 136, Zurich 1938, by 
W. Brunner. These numbers are based not only upon 
observations made at Zurich and Arosa but also upon 
those made at 55 other stations distributed throughout 
the world; they therefore differ somewhat from the pro- 
visional numbers published regularly in the Monruiy 
WEATHER REVIEW. 


Sunspot relative numbers for 1937 


128.5 | 100. 7 

109.3 | 74.4 
116.7 | December 88. 8 


No day during the year was free of sunspots. 

The same issue of Astronomische Mitteilungen gives 
the mean relative number for 1936 as 79.7 and not 80.4 
as incorrectly published in Astronomische Mitteilungen 
No. 135, page 197, and as republished in the Montuiy 
Weatuer Review, volume 65: 338, September 1937. 


BIBLIOGRAPHY 
[Ricumonp T. Zocn, in Charge of Library} 
By Amy D. Purnam 


RECENT ADDITIONS 


The following have been selected from among the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 

Abbot, C. G. 
Further evidence on the dependence of terrestrial temperatures 
on the variations of solar radiation. Washington. 1936. 4 
p. figs. 24% cm. (Smithsonian miscellaneous collections. 
Arthur fund.) 
Antevs, Ernst. 
Rainfall and tree wth in the Great basin . . . Edited by 
J. K. Wright. [Washington, D. C.] 1938. 97 p. llus. 
(maps), diagrs. (2 fold. in pocket). 25%cm. [Carnegie in- 
stitution of Washington. Publication no. 469.) American 
geographical society of New York, Special publication no. 21. 
“List of references:”’ p. [87]-91. 
Baldwin, Henry I., & Brooks, Charles F. 
Forests and floods in New Hampshire. Boston, Mass. 1936. 
281. tables, maps. 28cm. Mimeographed. (New England 
regional a commission. Publication. no. 47. De- 


cember 1936.) 
Barth, Richard. 

Das Wetter der Heimat: Ein didaktischer Aufbau. Erfurt. 
1935. 111 a illus., tables, diagrs. 23 em. Title facing 
titlepage: Volkhafte Schularbeit. Beitr. zur deutschen 
Erzeihung. A. Hoffmann, W. Kramer, & R. Vogel. 

Benedik, Nikolaus. 

Systematische Wettervorh n. Betracht tiber die 

Periodizitat des Wetters. ien. 1933. p. tables, 


diagrs. 18 cm. 
Berlage, H. P., Jr. 


——_ van de intensiteit van de zonn op v 


estraling er- 
nde plaatsen in Ned.-Indié in de laatste jaren. Batavia. 


1936. p. [104]-116. figs., tables. 24% cm. [Overdruk uit 
het verslag van de l5e vereeniging van _ proefstation- 
personeel te Batavia, October 1935, pagina 104-116.] 


Brunt, D. 


Climatic cycles. London & Beccles. 1937. p. [214]-238. figs., 
tables. 24% cm. [Reprinted from the Geographical journal, 
v. 89, no. 3, March 1937.] 


Bureau, Robert. 


Les foyers d’atmosphériques. Paris. 1936. 94p. figs., plates, 
maps, tables. 34 cm. At head of title: Ministére de |'air. 
No. 25. Memorial de |’Office national météorologique de 


France. Publié sous la direction de M. Wehrié. 
Chapman, S. 
The earth’s magnetism. London. 1936. 116 p. diagrs. 17% 
cm. 
Diaz, Severo. 


Mis ensayos en la previsién del tiempo. 1895-1935. Guadala- 
jara, Jal. 1936. 29 p. fig., diagr. 22% cm. 


Jatho, Alfred. 
Die Untersuchung der Niederschlige nach der Methode der 
Hoéhenordnung. Leipzig. 1934. 88p. tables, diagrs. 22% 
cm. 


Journal of geophysics. 

Periodical of the Hydro-meteorological committee of the 
USSR People’s commissary of agriculture and of the Science 
section of the RSFSR People’s commissary of education. 
Moscow. 1931— . 25% cm. (In Russian.) v. 1, no. 1-2, 
1931. v. 2, no. 1-3, 1932. 


Skogsberg, Tage. 

Hydrography of Monterey bay, California. Thermal condi- 
tions, 1920-1933, Philadelphia. 1936. 152 p. illus., tables, 
diagrs. 30 cm. (At head of title: American philosophical 
socy. Trans. New series, v. XXIX, Dec. 1936.) 
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SOLAR OBSERVATIONS 


[Meteorological Research Division, W. Woo.arp in charge] 
TABLE 1.—Solar radiation intensities during May 1938 


SOLAR RADIATION OBSERVATIONS, APRIL 1938 
By M, LENNABAN 


Measurements of solar radiant energy received at the 
surface of the earth are made at eight stations maintained 
by the Weather Bureau, and at nine cooperating stations 
maintained by other institutions. The intensity of the 
total radiation from sun and sky on a horizontal surface is 
continuously recorded (from sunrise to sunset) at all 
these stations by self-registering instruments; pyrhelio- 
metric measurements of the intensity of direct solar 
radiation at normal incidence are made at frequent inter- 
vals on clear days at three Weather Bureau stations 
(Washington, D. C., Madison, Wis., Lincoln, Nebr.) and 
at the Blue Hill Observatory of Harvard University. 
Occasional observations of sky polarization are taken at 
the Weather Bureau stations at Washington and Madison. 

The geographic coordinates of the stations, and descrip- 
tions of the instrumental equipment, station exposures, 
and methods of observation, together with summaries of 
the data obtained up to the end of 1936, will be found in 
the Monraty Weatuer Review, December 1937, pp. 
415 to 441; further descriptions of instruments and 
methods are given in Weather Bureau Circular Q. 

Table 1 contains the measurements of the intensity of 
direct solar radiation at normal incidence, with means and 
their departures from normal (means based on less than 3 
values are in parenthesis). At Madison and Lincoln the 
observations are made with the Marvin pyrheliometer; at 
Washington and Blue Hill they are obtained with a record- 
ing thermopile, checked by observations with a Marvin 
a at Washington and with a Smithsonian 
silver disk pyrheliometer at Blue Hill. The table also 
gives vapor pressures at 8 a. m. (75th meridian time) and 
at noon (local mean solar time). 

During May 1938 direct solar radiation intensities 
averaged about normal at Washington, D. C., and above 
normal at Madison, Lincoln, and Blue Hill. The radia- 
tion received at Lincoln on the 14th and 27th was greatl 
depleted due to dust in the air; and also on the 28t 
because of smoke. 

Table 2 contains the average amounts of radiation 
received daily on a horizontal surface from both sun and 
sky during each week, their departures from normal and 
the accumulated departures since the beginning of the 
year. The values at most of the stations are obtained 
from the records of the Eppley pyrheliometer recording on 
either a microammeter or a potentiometer. 

Chicago, New York, Fairbanks, New Orleans, San 
Juan, and Friday Harbor received an excess of total solar 
and sky radiation during May 1938. Ten of the other 
stations for which normals exist received a deficiency of 
radiation during the month. 

Polarization measurements were made on 7 days at 
Madison giving a mean value of 51.4 percent and a maxi- 
mum of 53.5 percent on the 10th; both of these values 
are below the corresponding normals for the month. 


May 1938 


{Gram-calories per minute per square centimeter of normal surface] 


WASHINGTON, D. C. 


Sun’s zenith distance 
8 a.m.} 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
Date Ai 
75th Local 
md A.M. P.M. time 
e 5.0 4.0 3.0 2.0 | 10] 2.0 3.0 4.0 5.0 e 
mm. | cal. | cal. | cal.-| cal. | cal. | cal. | cal. | cal. | cal. | mm. 
May 13.13 | 0.54 | 0.63 | 0.73 | 1.38 | 0.97 | 0.68 7. 57 
(.54)| (.63)} .95 | 1.33 |(9.10)/( 
—.09 |—.09 |—. 11 |—.06 |+.05 |+.16 |—. 
MADISON, WIS. 
+.13 |+.10 |+.16 |+.12 |+.20 
LINCOLN, NEBR. 
May 5.79 . 87 .98 | 1.11] 131) 1.51 1.29] 110 | 0.98 86 5.79 
May 13.......- 6. 50 . 68 77 Sete 8. 48 
May 27......-.- 10. 97 -- 9.47 
-68 | .77 .92 (1.25 | 1.40 | 1,21 |(1.01)/ (.98)| 
Departures..-_| .----- +.03 |—.01 | .00 |+.14 |+.02 |4+.10 |+.10 |+.17 |+.18 
BLUE HILL, MASS. 

May 30......-.- 1.06 | 1.24 | 1.48 | 1.26] 1.08 5.0 
(1, 06) | (1, 25)| 1.48 | 1.19 | 1.02 | 
—.02 |+.12 |+. 11 |+.09 |+.10 |+.05 

*Extrapolated 


‘ 
2 
at 
— 
if 
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TaBLE 2.—Average daily totals of solar radiation (direct + diffuse) received on a horizontal surface 


Gram-calories per square centimeter 
Week beginning— i 
Wash- | Madi-| Lin- | Chica-| New | procno| Fair- | Twin} La | | New | River- | Blue | San | Friday) | New- 
ington | son coln go York banks | Falls | Jolla Orleans | side Hill | Juan | Harbor port 
cal. cal. cal, cal. cal. cal cal, cal, cal. cal. cal. cal cal cal. cal cal cal 
488 542 394 550 446 551 472 438 587 580 489 533 514 432 605 
May |, Se es eee © 416 456 468 468 391 678 450 590 593 468 417 618 398 690 490 214 478 
OO) a a 288 389 281 325 612 463 474 331 529 458 310 446 660 381 495 
|g 345 497 538 418 403 713 497 666 529 478 497 646 415 704 712 425 
See See 439 452 536 518 598 714 432 733 523 363 530 606 616 663 600 682 - 
Departures of daily totals from normals 
+21 +101 —77 | +166 +40 —74 +70 —75 +16 +63 —63 +30 —57 —50 
May —37 +8 +19 +27 +2 +23 —53 +20 +62 —93 | +154 | —196 |........ 
2 —175 —-173 | —147 —141 —86 —57 —4| —1% —177 +36 +52 —207 —49 +112) +143 
—155 +5 —16 —34 —45 +37 +43 +19 +58 +76 +11 —138 | +153 | +138 | —107 
—45 +15 +49 | +131 +27 +13 | +141 -ll —103 +29 +50 +95 +89 +83 
Accumulated departures since Jan 1 
—8, 733 |—4, 081 |—2, 534 |4+2,044 | +763 |—2,954 |+3, 199 |—4,727 | —770 | —1, 281 | +3,913 | —1,897 |—1,344 |+6, 949 |+6, 923 |+2, 135 __. 
POSITIONS AND AREAS OF SUN SPOTS POSITIONS AND AREAS OF SUN SPOTS—Continued ie 
{Communicated by Capt. J. F. Hellweg, U.S. Navy (Ret.), Superintendent, U. 8. Naval 
Observatory. Data furnished by the U. S. Naval Observa in cooperation with Heliographic Area 
Harvard and Mount Wilson Observatories. The difference in longitude is measured East- 
from the central meridian, positive west. The north latitude is positive. Areas are ern Mt. 
corrected for foreshortening and are expressed in millionths of the sun's visible hemi- Date | stand- | !8°9) pig Total | Spot Observatory 
sphere. The total area for each day includes spots and groups] ard oup - in Longi- Lati- | SPOt | “for | Count 
time » longi- tude | tude oo each 
Heliographic Area 
ern 4 
Wilson Spot 1988 
Pate | = Longi- | Lati- | SPot count | Observatory h. ° 
time No -| tude | tude or each May 11 8 | 5868 |+25.0 | 276.2 |—22.0 22 | U. 8. Naval. 
tu group day 5869 |+32.0 | 283.2 |4+23.0 008 4..4.a5cs 2 
5867 |+32.0 | 283.2 |—30.0 339 }......- “4 
5873 |+35.0 | 286.2 |—20.0 
5865 |+80.0 | 331.2 |—19.0 1 
May 1-.--| 11 5872 |—40.0 | 263.9 |—22.0 5 | U. 8S. Naval, 5877 |—50.5 | 187.4 533 20 
5871 |—35.0 | 268.9 |+25.0 3 5874 |—20.0 | 217.9) —4.5 2 
5870 |—31.0 | 272.9 |—30.0 3 5876 | —4.0| 233.9 |—37.0] 201} 30 
5868 |—24.0 | 279.9 |—21.0 13 5872 |+-26.0 | 263.9 |—23.0 { es 3 
5869 |—21.0 | 282.9 |+23.0 8 5871 |+31.0 | 268.9 |+25.0 121 |. 6 
(*) |—20.0 | 283.9 |+120 3 5868 1+37.0 | 274.9 |—22.0 10 
5867 |—19.5 | 284.4 |—29.0 5 5869 |+45.0 | 282.9 |+23.0 194 de 2 
5873 |—19.0 | 284.9 |—20.0 1 7 1+46.0 | 283.9 |}—30.0 291 5 
5865 |+27.5 | 331.4 |—19.5 1 5873 |+49.0 | 286.9 |—20.0 48 | 1,962 2 
5862 |+40.0 | 343.9 | +9.0 3 May 7....| 10 59 | 5883 |—-88.0) 134.8 |—25.0 Bor 2 Do. 
5864 |+42.5 | 346.4 |+12.0 9 5881 |—72.0 152.8 |+25.0 
May 2._..] 11 24 5874 |-—74.0 | 216.7 | —3.5 3 Do 5878 |—53.0 171.8 |+24.0 ) aa 2 
5872 |—25.0 | 265.7 |—22.0 6 5877 |-—-37.0 | 187.8 | —8.0 |, Bee 20 
5871 |—21.0 | 269.7 |+25.0 4 5880 |—19.0 | 205.8 |+23.0 me 5 
5868 |—13.0 | 277.7 |—22.0 15 5874 | —7.0] 217.8 | —5.0 3 
5869 | —8.5 | 282.2 |+23.0 5876 | +9.0 | 233.8 |—37.0 339 |......- 22 
5873 | —7.0 | 283.7 |—20.0 1 5872 |+39.0 | 283.8 |—23.0 4 
(*) —7.0 | 283.7 |+11.0 3 5871 |+45.0 | 260.8 |4+25.0 4 
5867 | —6.0 | 284.7 |—29.0 6 5868 |+50.0 | 274.8 |—22.5 145 Ss 
5865 |+40.5 | 331.2 |—19.5 1 5869 |+58.0 | 282.8 |+4-24.0 194 2 
5862 |+54.0 | 3447 | +9.0 1 5867 |+59.5 | 284.3 |—30.0 242 ~ 4 
5864 |+56.0 | 346.7 |+12.0 8 5873 |+60.5 | 285.3 |—20.0 _, ae 1 
May 3...-| 11 20 | 5874 |—60.0| 217.5] —3.5 4 Do. 5879 |+78.0 | 302.8) —9.0 12 | 2,422 4 
5872 |—12.0 | 265.5 |—23.0 4 May 8....| 10 63 | 5883 |—75.0 136.7 |—24.0 on 4] Mt. Wilson. 
5871 | —9.0 | 268.5 |+25.0 5881 |—57.0 154.7 | 424.0 7 
5868 | —3.0 | 274.5 |—22.0 5878 |—39.0 | 172.7 |+24.0 1 
5869 | +7.0 | 284.5 |+23.0 6 —30.0 | 181.7 |+18.0 |: Sees 5 
5873 | +7.0 | 284.5 |—20.0 3 5877 |—24.0 187.7 | —7.0 en 15 
+7.0 | 284.5 |—20.0 10 5880 | —7.0 | 204.7 |4+24.0 6 
(*) +8.0 285.5 |+11.0 4 587 +7.0} 218.7} —5.0 
5865 |+53.0 | 330.5 |—20.0 3 6 |+22.0 | 233.7 |—37.0 330 }...... 26 
5862 |+68.0 345.5 | +9.0 3 5872 |+50.5 | 262.2 |—23.0 1 
5864 |+70.0| 347.5 |+-12.0 4 5871 |+00.0 | 271.7 |4+25.0 97 3 
May 4._..| 10 5877 |—77.0| 187.6] —8.0 8 Do 5868 |+63.0 | 274.7 |—23.0) 145 3 
5874 |—47.5 | 217.1 | —4.0 7 5869 [+70.0 | 281.7 |+24.0) 242 1 
5876 |~—29.5 | 235.1 |—38.0 24 5867 |+71.0 | 282.7 |—30.0 3 
5872 0.0 | 264.6 |—23.0 4 5873 |+74.0 | 285.7 |—20.0 48 | 2,847 1 
5871 | +3.0 | 267.6 |+25.0 10 May 9....] 11 8 | 5887 |—78.0] 120.3 |-19.0 6 | U. 8. Naval. 
5868 |+11.0] 275.6 |—22.0 48 5886 |—-77.0 | 121.3 |+17.0 6 
5869 |+19.0 | 283.6 |+23.0 4 5883 |—60.0 | 138.3 |—25.0 ae 12 
5867 |+19.0 | 283.6 |—29.0 8 5885 |—43.0 | 155.3 |—13.0 12 |....... 3 
5873 |+21.0| 285.6 |—20.0 3 5881 |—42.0 156.3 /+25.0] 21 |... 13 
5865 |+67.0 | 331.6 |—19.5 2 5878 |—26.0 | 172.3 |+24.0 97 |.-----. 2 
5875 |+67.0 | 331.6 |+20.0 5884 |—16.0 1823 )+18.5) 73 |....... 
5862 |+82.0 | 346.6 | +9.0 2 5877 |—-11.0 | 187.3 | —7.0/ 1,018 35 
5864 |+85.0| 349.6 |+12.0 3 5880 | +7.0 | 205.3 |+25.0 73 |..-..-- 4 ? 
May 5....| 11 8] 5878 |—81.0] 170.2 |+23.5 2 Do 5876 |+36.0 | 234.3 |—37.0) 242 12 
5877 |—64.0| 187.2] —8.0 30 5872 |+65.0 | 263.3 |—22.0 2 
5874 |~33.0| 218.2] —4.5 4 5871 |+72.0 | 270.3 |+25.0 1 
5876 |—16.0 | 235.2 |—37.0 20 5868 |+80.0 278.3 }—21.0 73 |------- 
5872 |+13.0 | 264.2 |—23.0 3 5867 |+86.0 | 284.3 |—29.0 ) | =o 2 
6871 '+18.0! 269.2 |+25.0 7 $89.0 | 287.3 145 | 2,921 1 


See footnotes at end of table. : 
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POSITIONS AND AREAS OF SUN SPOTS—Continued 


POSITIONS AND AREAS OF SUN SPOTS—Continued 


fo) =) = =) = =) = =) 
m2 


~ 


H H H H H H H H 23 
3 


3, 347 


lof 


4 


145 
308 
436 
73 
194 
6 
630 
436 
206 
48 
194 
291 
97 
194 


Heliographic 


Z 22222522202 222222828 525222322525 5 232223329 52522222222 
<= 2 = = = = 


De 
tude tude group 
3 5} 582]. 
‘an 3 0 121 
; 0 121 
| 3 0 242 
3 291 
3 0 73 
¢ 3 0 97 
a, 3 0 921 
3 121 
0 6 
3 121 
3 0 48 
6 97 
6 5 776 
| 6 5 61 
6 0 97 
"1 6 0 242 
i | 6 5 582 
6 0 97 
0} 970 
| 6 0 
6 0 
7 0 
7 
f 
7 ° 
7 
a 7 0 
4, 7 0 
3 0 
3 0 
3 5 
| 3 0 
0 
3 | 8 0 
3 0 
: 3 5 
3 0 
3 0 
4 5 
/ 4 0 
a | 4 0 
4 0 
4 0 
| 4 5 
4 0 
4 0 
4 0 
| 4 0 
4 0 
it | 4 
| 
| | 5 
| 
| 
1 | 
5 | 
| 7 
| 
| | 
7 | 
7 | 
Mus 5 | 
64 
| 
| 
| 
5 
3 
: 
tie 


MONTHLY WEATHER REVIEW 


‘PROVISIONAL SUNSPOT RELATIVE NUMBERS FOR 
MAY 1938 


{Dependent alone on observations at Zurich and its station at Arosa] 
, [Data furnished through the courtesy of Prof. W. Brunner, Eidgen. Sternwarte, Zurich 
Switzerland) 
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a May 1938 | Relative numbers || May 1938 | Relative |) xray 193g | Relative 
| Ee 115 ll 149 
134 12 ad 143 22 a— 
Bel «- EWaaacc 160 13 151 23 b? 119 
| aad —— 14 ad 135 24 Maac 172 
123 15 al13l 25 161 
ea, a 138 16 105 26 Me 152 
wa, oa d 136 17 Eac 91 27 126 
EMcecd 153 18 ad 87 
Ricci d 156 19 95 29 | EMcc 104 
bd 151 20 30 89? 
31 Eacd 91 


Mean, 26 days= 129.5. 


Middle, eruption in central zone in May 24, observed at 


165 to 16% 


a= Passage of an average-size group through the central meridian. 


b= peg of a large group or spot Soon 
nto a middle-sized or large center of activity: 
on the western part; M_ in the central circle 


¢= New formation of a group developi 
E, on the eastern part of the sun’s disk; W, 


the central meridian. 


zone. 
d= Entrance of a large or average-sized center of activity on the east limb. 


AEROLOGICAL OBSERVATIONS 


[Aerological Division, D. M. Litre In Charge] 
By B. Francis 


The mean free-air data, given in table 1, based on 842 
airplane and radiometeorograph observations made durin 
the month of May 1938, includes the basic meteorologi 
elements of barometric pressure (P), temperature (T), 
and relative humidity (RH), recorded at certain 
geometric heights. 

These “means,’”’ computed by the customary method 
of differences, are omitted when less than 15 observations 
have been made at the surface and less than 5 at a standard 
height. However, at those standard heights lying within 
the limits comprising the monthly vertical range of the 
tropopause, 15 or more observations are required. For 
further details, see ‘‘Aerological Observations”, in the 
January 1938, Monraty WEATHER REvIEw. 

Reference to chart I shows that departures of the mean 
surface temperature above normal during May 1938 were 
moderate, reaching 4° (F) over the northwestern and 
southeastern coastal regions, particularly western Wash- 
ington and eastern Georgia. Elsewhere temperatures 
remained close to normal, being somewhat above through- 
out the southern States, entire Mississippi Valley and 
Pacific coast, and slightly subnormal in the northern 
Plains and Rocky Mountain States, the Ohio Valley 
and north Atlantic States. 

The highest mean free-air temperatures for the month 
occurred over Maxwell Field, Ala., and Pensacola, Fla., 
at 0.5 and 1 kilometer; over El] Paso, Tex., at 1.5 and 2 
kilometers; over El Paso and Kelly Field, Tex., at 2.5 
and 3 kilometers; over Kelly Field at 4 kilometers; and 
over Kelly Field and Pennsacola, Fla., at 5 kilometers. 
The highest mean free-air temperature (20.8° C.) occurred 
over Maxwell Field, Ala., at 0.5 kilometer, while the lowest 
of the month was —15.7° C. over Lakehurst, N. J., at 5 
kilometers. Elsewhere, the lowest temperatures for the 
month were recorded over Boston, Mass., at all levels, 


being equally over only Lakehurst, N. J., at 4 kilometers, 
and exceeded at 5 kilometers. Low temperatures also 
occurred over Sault Ste. Marie, Mich., at all levels, and 
at 3 and 4 kilometers along a belt extending across 
the northern tier of states. Billings, Mont., was colder 
at 4 and 5 kilometers (—14.7° C. at 5 kilometers) than 
any other station in this belt west of Boston, Mass., to 
the Pacific coast. 

Mean free-air temperatures for ve | were seasonally 
higher in every case than during April. However, over 
Pensacola, Fla., at 4 kilometers, the temperature equaled 
that observed the preceding month, and at Boston, Mass., 
at 2 kilometers, and Lakehurst, N. J., at 2.5 kilometers, 
the mean was very little higher during May. The rest of 
the country was warmer hes in April; this being out- 
standing at all levels over Sault Ste. Marie, Mich., and to 
a less marked me over Fargo, N. Dak., and at 0.5, 1 
1.5, 2, 2.5, and 3 kilometers over Barksdale Field, La., and 
Maxwell Field, Ala. The patton difference in May over 
April was noted at Sault Ste. Marie, Mich., at 1.5 kilo- 
meters (8.2° C.); over Fargo, N. Dak., at 0.5 kilometer 
(6.0° C.); over Barksdale Field, La., and Maxwell Field, 
Ala., at 1 kilometer (5.1° C. and 6.3° C., respectively). 
Smaller excesses occurred over Spokane, Wash., and 
Chicago, Ill., but at greater heights. 

Isobaric charts, prepared from the mean barometric 
pressure in millibars, as shown in table 1, indicate that a 
statistical center of low pressure existed during the month 
over New England, having moved eastward from the posi- 
tion it occupied during —= Boston, Mass., showed the 
lowest mean pressure. But the area extended westward 
sufficiently to include Sault Ste. Marie, Mich., and Fargo, 
N. Dak., at all levels above 2 kilometers. A tendency 
toward low pressure existed also over the Pacific North- 
west (Seattle, Wash.) at 0.5, 1, 1.5, and 2 kilometers. The 
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pressure generally was high over the southeastern States, 
———, over Pensacola, Fla., at all levels. At 2.5 

ilometers and up, pressures were uniformly distributed 
east and west, but increasing slightly toward the Gulf 
coast and Mexican border. During May pressures varied 
little from those recorded in April, except for a slight de- 
crease at 0.5 kilometer, and increases at 2.5, 3, and 5 kilo- 


meters. Other levels remained about the same during 


both months. 

Free-air relative humidity, as in April, remained lowest 
in the southwestern States, centering over El Paso, Tex., 
up to and including 3 kilometers; above that height the 
driest air was located over San Diego, Calif. Over the 
northeastern States, the humidity was moderately high 
at all levels up to 3 kilometers. At 4 and 5 kilometers, 
the humidity was highest over Salt Lake City, Utah, and 
Billings, Mont. Along the middle Atlantic coast, at all 
levels, the humidity was unusually low as compared with 
the areas to the west and north. Outstanding in this 
region was Washington, D. C., where the humidity was 
lower than for several months, at the higher levels. At 5 
kilometers, over Washington, the humidity was found to 
we the low humidities over El Paso and Kelly Field, 

ex, 


Free-air resultant winds, based on pilot-balloon obser- 
vations made near 5 a. m. (75th meridian time) dumng the 
month of May, are shown in table 2. These resultant 
winds indicated, quite generally, nearly normal directions 
at all levels except over the northwestern portion of the 
United States. This was noticeable, particularly, over 
Medford, Oreg., at 1.5, 2, 2.5, and 3 kilometers, and 
Seattle, Wash., at 0.5, 1, 1.5, 2, and 4 kilometers. The 
resultant wind velocities at Medford and Seattle remained 
light. Elsewhere, outstanding departures from normal 
va confined to the standard ivels immediately over the 
surface. 


At Seattle, Wash., the resultant winds departed con- 
sistently by rotating in a clockwise direction north from 
normal at all levels above the surface. These directions 
at the standard levels from 0.5 to 4 kilometers, inclusive, 
were: 284°, 322°, 300°, 315°, 278°, 282°, and 337°, as 
compared to the normals of 205°, 235°, 236°, 248°, 242°, 
253°, and 261°, respectively. However, in spite of this 
more northerly departure the resultant velocities at 
Seattle, Wash., showed only slight increases of approxi- 


mately 1 m. p. s. up to*’2 kilometers; they were equally 
less than normal at 2.5, 3, and 4 kilometers. 

Somewhat similar conditions existed also over Spokane, 
Wash., Billings, Mont., Oakland, Calif., and, for a few 
levels, over Medford, Oreg. The departures at Spokane 
and Oakland, were not so marked as at Seattle, Wash. 
But, at Medford, Oreg., the largest departures at several 
consecutive levels in the United States occurred during 
the month at 1.5, 2, and 2.5 kilometers. The- current 
resultant directions at those levels were 14°, 359°, and 
352°, as compared to the normals of 79°, 243°, and 253°, 
respectively. At Spokane, Wash., moderate increases of 
velocity over the normal were recorded, but at Medford, 
Oreg., and Oakland, Calif., the resultant velocities varied 
only slightly from the normal. 

Greatest departures from normal, other than those at 
Medford, Oreg., occurred at Sault Ste. Marie, Mich., at 1 
kilometer. ‘ae the current difference, rotated in a 
counterclockwise direction from normal, was 171°. Pen- 
sacola, Fla., showed a difference of 115° at 0.5 kilometer 
when rotated clockwise; and Fargo, N. Dak., rotated 
clockwise from normai, was 152° at 0.5 kilometer. Fairly 
stable conditions, with least departures at all levels, but 
less than normal when rotated counter-clockwise, existed 
over Detroit, Mich., during the month. At Boston, Mass. 
and Houston, Tex., all departures below 2.5 kilometers 
were slightly north of normal, while above that level they 
were south of normal. Elsewhere over the United States 
the winds were nearly normal at all levels. Resultant 
velocity departures exceeding normal were noticeable at 
Atlanta, Ga., and Sault Ste. Marie, Mich. But the great- 
est occurred over Newark, N. J., at 2, 2.5, and 3 kilo- 
meters. At 2.5 kilometers this departure was 6.8 m. p. s. 
A less-than-normal departure occurred over Fargo, N. 
Dak., at 4 kilometers. Of the resultant winds over the 
entire country res! May, 20 percent showed an easterly 
component at 0.5 kilometer but diminishing steadily to 
only 4 percent at 2.5 kilometers, then becoming 100 per- 
cent westerly at and above 3 kilometers. 

Table 3 shows the maximum free-air winds during May. 
At Huron, 8. Dak., high wind velocities sents 4 On 
the 12th a velocity of 54 m. p. s. was recorded at 10.2 
kilometers, and again on the 13th the highest for the 
country, 57.6 m. p. s., occurred at 4.8 kilometers. Other 
high velocities existed over Albuquerque, N. Mex., and 
Modena, Utah. 
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TaBLe 3.—Mazimum free-air wind velocities (meters per enn for pe oa of the United States based on pilot-balloon observations 
uring May 


Surface to 2,500 meters (m. s. 1.) Between 2,500 and 5,000 meters (m. s. 1.) Above 5,000 meters (m. s. 1.) 
= = a 
> > > 
Section 
Es Station = Station 3 Station 
13 a 3" 
A =< A A < Qa A = 
Northeast !_ .....- 40.4 | NW_....| 2,440 | 17 | Newark, N. J........ 40.4 | NW..... 3,600 | 2] Albany, N. Y-..-...-. 35.2 | NW-.....| 5,940 1] Albany, N. Y. 
East-Central ?__..| 36.1 | SW_..-- 1,870 | 23 | Cincinnati, Ohio_...- 42.4 | NW..... 4,680 | 16 | Greensboro, N. C....|| 36.2 | N.._.--- 10, 440 | 31 | Greensboro, N. C 
Southeast lah 2, 260 | 15 | Jacksonville, Fla_....|| 38.0 | W_.....- 3,640 | Atlanta, 35.2 | WNW_.| 9,280 | 14 | Key West, F 
North-Central 30.5 | WSW___| 1,320] 2]! Bismark, N. 57.6 | WSW--_-.| 4,800 | 13 | Huron, 8S. 10, 200 | 12 | Huron, 8. Dak. 
Cantinl 970 | 4] St. Louis, 38.0 , 3,140 | 15 | St. Louis, Mo_......- 36.8 .--.---| 6,460 | 8 | Wichita, Kans. 
South-Central 29.7 | 1,360 | 3 | Brownsville, Tex.....|| 29.1 | SSW...-| 3,730 | 3 | Amarillo, Tex......_- 39.4 | 660 | 26 | Del Rio, Tex. 
Northwest 26.8 | WSW-.._| 2,160 | 12 | Pendleton, Oreg 33.5 3,970 | 13 | Missoula, Mont_....- 47.0 | W_......| 7,340 | 30 | Medford, Oreg. 
West-Central *....| 37.5 | SSW_.._| 2,280 | 18 | Modena, Utah....... 41.4 | NW..... 4,780 | 21 Sacramento, Calif....|/| 52.8 | WSW.__| 8,420 | 19 | Modena, Utah. 
Southwest 32.8 | WSW...| 2,300 | 12 | Havre, Mont.........|| 34.4 | NW-_...-. 4,700 | 4] Fresno, Calif........- 55.0 | WSW--..| 6,500} 1] Albuquerque, N. Mex. 


1 Maine, Vermont, New Hampshire, Massachusetts, Rhode Island, Connecticut, 
New York, New Jersey, Pennsylvania, and northern Ohio. 

2 Delaware, Meryland, Virginia, West Virginia, southern Ohio, Kentucky, eastern 
Tennessee, and North Carolina. 

3 South Carolina, Georgia, Florida, and Alabama. 

4 Michigan, Wisconsin, Minnesota, North Dakota, and South Dakota. 

4 Indiana, Illinois, lowa, Nebraska, Kansas, and Missouri. 


Pd Mississippi, Arkansas, Louisiana, Oklahoma, Texas (except El] Paso), and western 


ennessee. 
7 Montana, Idaho, Washi n, and Oregon. 
§ Wyoming, Colorado, Utah, northern Nevada, and northern California. 

Te Southern California, southern Nevada, Arizona, New Mexico, and extreme west 
‘exas. 


RIVERS AND FLOODS 


{River and Flood Division, MERRILL BERNARD in charge] 


By Bennett SwENSON 


Precipitation during May 1938 was above normal in 
practically all sections, except the Southwest and extreme 
West. Kansas and Minnesota received more than twice 
the normal amount, and in the Ohio Valley and most of 
the Great Plains the rainfall was substantially above 
normal. Severe local flooding resulted principally in 
the rivers which drain the Kansas and Minnesota regions. 

Upper Mississippi Basin.—High water prevailed over 
much of this section during the month. This was due 
to two distinct periods of heavy rains over Minnesota, 
Iowa, and Wisconsin during May 2-9 and May 14-28. 
In the first period the heaviest rainfall was centered north 
of the Twin Cities in Minnesota. This resulted in 
abnormally high lake levels and caused disastrous flood 
conditions in the Aitken County area in Minnesota. 
The report on the floods in this area was not received in 
time tor inclusion in the May issue of the Review, but 
will be included in the next issue. 


The following vapors was submitted by the official in 
charge of the La Crosse, Wis., district, which consists of 
the "Mississippi River and tributaries from below St. 
Paul, Minn., to and including La Crosse: 


High water prevailed during the entire month of May in the 
district. The highest stage at La Crosse since April 1922 occurred 
when the crest reached 13.7 feet, although the crest in March 1936 
was only 0.1 foot lower. Practically the same relative differences 
prevailed at Winona, Minn., for those years. In the upper section 
of the district from Lake Pepin to Hastings, Minn., the flood condi- 
tions were comparable to 1922, and crest stages averaged only 0.3 
to 0.4 foot lower than in that year. The high water in May 1938 
was characterized by two gradual rises covering the periods 1—13 
and 18-27. During the first period the average rise was 5.0 feet 
and during the second period 1.2 feet throughout the district. 
The second rise was really a secondary crest produced by additional 
heavy rains just after it had begun to fall after the first period of 
prolonged rains. 

The present occurrence of high water was by no means due to 
melting snow in the headwaters, as the crest resulting from this 
run-off appeared throughout the district from March 26 to March 
31. It was due wholly to two distinct periods of heavy rains extend- 
ing from the 2d to the 9th and from the 14th to 28th. The first 
of these periods resulted in a large reserve of water in the section 
north of the Twin Cities, resulting in turn in abnormally my lake 
levels and causing disastrous flood conditions in the Aitken, Minn., 
area. The May totals of rainfall show an unusual condition in that 


the amounts increased from La Crosse northward. The reverse 
is generally the case, larger amounts occurring in the southern 
section of the district. he following May rainfall totals will 
indicate this as well as to show that the amounts vary in excess of 
normal amounts from +1.11 inches at La Crosse to +7.28 at 
Hastings: La Crosse, 4.86; Dam No. 7, 5.90; Hatfield, 5.75; Dam 
No. 6, 4.87; Winona, 6.87; Dam No. 5A, 8.24; Beaver, 4.52; Dam 
No. 5, 6.12; Dam No. 4, 7.11; Durand (Chippewa), 9.41; Reads, 
8.52; Red Wing, 9.20; Dam No. 3, 9.38; Hastings, 10.95. The 
lower Chippewa Valley had as large an excess as the vicinity of 
Hastings, and the Chippewa River contributed materially to high- 
water stages from Reads, Minn., southward, especially in the 
secondary crest occurring at Winona and La Crosse on the 24th. 
The Chippewa at Durand, Wis., discharged slightly over 50,000 
second-feet at the flood stage of 11 feet on the 7th and 2Ist. The 
Black River contributed materially to flood stage at La Crosse on 
the 24th and 25th, caused by the release of a large volume of water 
from the Hatfield power dam. 


The flood conditions in the Dubuque, Iowa, district, 
comprising the Mississippi River and tributaries from 
below La Crosse, Wis., to and including Dubuque, are 
reported by the official in charge at that place: 


The Mississippi was unusually high for May, the average stage 
at Dubuque being 13.2 feet. here were two separate rises, the 
second beginning 5 days after the occurrence of the first crest. 
The river was falling at the beginning of the month, the lowest 
stage, 9.19, being reached in the afternoon of the 4th. It then 
began to rise due to general high-water conditions throughout the 
upper Mississippi Valley. The Wisconsin River crest passed down- 
stream before the arrival of the upper Mississippi crest, and thereby 
reduced the severity of this rise at points near and below the 
mouth of the Wisconsin River. The crest gave a stage of 15.7 
feet at Dubuque on the 20th. Further substantial rains, particu- 
larly in northern Wisconsin, produced new floods in many of the 
tributaries above La Crosse. In this case the times of arrival of 
crests from above La Crosse and from the Wisconsin River bore 
normal relations to each other, which favored somewhat higher 
stages than in the case of the preceding crest. An additional factor 
was the occurrence at Dubuque of still further heavy rainfall on 
the 27th. The final result was a crest of 17.15 feet on May 30. 
This was the highest river stage at Dubuque since April 1922. 


The approach of the crest in the extreme upper Missis- 
sippi, together with further local heavy rains, caused the 
lower half of the upper Mississippi to slightly exceed flood 
stage, principally from Quincy to Alton, Ill, during the 
last few days of the month. Low places along the river 
were overflowed but only slight damage occurred. 
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Missouri and Arkansas Basin—Unusually heavy 
rains, centered mainly over Kansas, during May resulted 
in widespread floods in that area. In the Missouri River 
drainage, floods occurred peoapely in the Solomon, 
Osage, Gasconade, and the Missouri River itself at Her- 
mann and St. Charles, Mo. In the Arkansas River drain- 

e, the floods were confined mainly to the Cottonwood, 
Ne eosho, Cimarron, Verdigris, Ninnescah, North and South 
Canadian, and in the Arkansas River from Ralston, Okla., 
to Dardanelle, Ark. 

The overflows of the Solomon River were slight and 
little or no damage resulted. 

The Cottonwood River overflooed slightly at Em- 
poria, Kans., on the 7th and again on the 13th, but heavy 
rains on the 19th resulted in a serious flood in this river 
and in creeks in Chase and Lyon Counties, with damage, 
mostly to growing crops, estimated at more than $200,000. 
The river was above bankful from the 19th to the 26th 
at Emporia and crested at 24.4 feet (4.4 feet above flood 
stage) on the 24th. 

he Osage River reached a high stage near the Kansas- 
Missouri boundary, with a loss of $76,200. At La Cygne, 
Kans., the river reached a crest of 26.0 feet on May 26 
(5.0 feet above bankful stage). 

The Neosho River flood was still in progress at the close 
of the month and a report concerning it will be included 
in the next issue of the Review. 

Heavy rains on the 19th over south-central and south- 
eastern Kansas resulted in high water in the Walnut, 
Verdigris, and Ninnescah Rivers and many smaller streams 
in that area, and caused damages totaling approximately 
$370,000. 

High water in the North and South Canadian Rivers 
from May 19-31 caused damages slightly exceeding 
$40,000. 

The heavy discharges from the tributaries in Kansas 
and eastern Oklahoma brought stages in the Arkansas 
above flood stage as far downstream as Dardanelle, Ark., 
with an estimated loss of about $100,000. . 

Lower Mississippi Basin.—The Tallahatchie River 

iss., since January 28, su uring May, p 
below flood stage on May 11—about 4,000 acres of denied 
land was under water much of this time. 

West Gulf of Mexico Drainage.—Flooding continued 
from April in the Sabine and lower Trinity Rivers, re- 
maining above flood stage until May 9. The Trinity 
crested at Liberty, Tex., on May 1, with a stage of 26.5 
feet, and at Logansport, La., on the Sabine River, May 
3-4, with a stage of 27.4 feet. The report of the damage 
was included in the report for April. " 

The Guadalupe River was above flood stage at Victoria, 
Tex., at the beginning of May and this was followed by 
two more rises on May 10 and 17. The latter rise was 
caused by a local eaeed rain. The amount of damage 
caused by the floods in the Guadalupe River from April 26 
to May 17 has been estimated at about $236,000, largely 
to prospective crops. 

olorado River Basin.—Light floods occurred in the 
Eagle River, Rosrne, Fork River, and Gunnison River, all 
tributaries of the Colorado River in Colorado, during the 


month. The floods in the two former streams occurred at 
the close of the month but in the Gunnison River there 
were three separate rises, on the Ist, 15th, and the 27th. 
No damage of consequence has been reported. = 
Pacific Slope Drainage.—High stages prevailed in the 
San Joaquin Basin during the month. The snow depths 
in the Sierra Nevada Mountains near the end of March 


were ter than for many years past. This, together 
with the fact that the March rains left the streams high 
at the beginning of the spring snow melting season, 
accounts for the Fick water during May. 

Kings River was above flood stage at Piedra, Calif., 
from May 13 to 19, and from May 24, with the latter rise 
in progress at the close of the month. The San Joaquin 
was also out of its banks at the end of the month. 

The Columbia River and a few of its tributaries exceeded 
flood stage late in the month. As the floods in both the 
San Joaquin and Columbia basins continued into June a 
full report will be made later. 


Table of flood stages during May 1938 
[All dates in May unless otherwise specified] 


Above flood Crest 
River and station omy 
From— | To— | Stage Date 
LAWRENCE DRAINAGE. 
Lake Huron 
Feet 
Cass: Vassar, Mich..................... 13 24 13.2 
EAST GULF OF MEXICO DRAINAGE 
Pearl: Pearl River, La.................. 12 | Mar. 27 17.0] Apr. 18 
MISSISSIPPI SYSTEM 
Upper Mississippi Basin 
Chippewa: Durand, Wis...............- { d a 21,23 
Wisconsin: 
Merrill, Wis. ll 5 5 11.0 5 
Knowlton, Wis... 12 { fiat 
Bourbeuse: Union, Mo_................. 12 25 26 12.4 25 
Meramec: 
Sullivan, Mo ll 2 25 16.8 4 
ll 23 27 16.8 25 
MP Mo 14 24 28 22.5 25 
Fort Ripley 10 19] 10.8 10, 11 
Srosse, W 24 25 12.0 24, 25 
uincy, Il 14 22 24 14.1 24 
13 20 14.3 24 
12 22 1) 13.8 25 
Alban, 21 26 2 21.4 27 
27 28 28 27.1 23 
Missouri Basin 
3 27 27 21.4 27 
Beloit, 8 { 31 200 31 
Osceola, 20 24.9 30 
60 22 30 60.7 4, 25 
23 23 31 25.8 27 
Gasconade: Jerome, Mo-................- 15 24 25 15.6 24 
Missouri: 
21 24 26 21.8 25 
25 24 23 26.9 26 
Ohic Basin 
West Fork of White: 
Elliston, Ind__-_- 23 25 19.0 4 
Edwards: 12 23 2 16.6 
40 29 | June3 41.2 | 31,Junel 
White Basin 
Current: Doni 10 24 26 13.4 25 
= Black “4 23 31 15.2 2 
te: 
Calico Rock, Ark. ................-- 18 23 25 24.4 23 
Georgetown, Ark | Junes ‘Tune i 
Clarendon, Ark... 26; Apr. 3 
Arkansas Basin 
Cimarron: Perkins, Okla_..............- ll { 20 2 12.8 20 
23 25 13.0 
Cottonwood: Emporia, Kans_..,....... 20 12 26 13 
19 oy i 23.5 21 
244 
See footnotes at end of table, f 
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Table of flood stages during May 1938—Continued 
[All dates in May unless otherwise specified] 


Table of flood stages during May 1938—Continued 
[All dates in May unless otherwise specified] 


Above flood Crest 
River and station stage 
From— | To— | Stage Date 
MISSISSIPPI SYSTEM—Ccontinued 
Arkansas Basin—Continued 
Neosho Feet Fea 
Neosho Rapids, Kans.............-- 22 20 26 24, 2 21 
12 13 25.0 12,13 
LeRoy, Kans... 23 19 28 27.8 23 
30 30 23.6 30 
17 22 23.3 30 
North Canadian: 
| 5 7.5 
Canton, Okla. 6 18 21 11.0 19 
| 22 ’ 26 8.3 24 
Apr. 28 2 10.2] Apr. 29 
Yukon, Okla a. 8 4 12 11.2 s 
19 () 12.6 22 
(East) Oklahoma City, Okla_.....-- 14 22 23 14.6 22, 23 
Arkansas: 
16 22 23 16.4 22, 23 
Webbers Falls, Okla...............- 2 24 28 23.9 26 
22 23 29 25.0 25 
~ 22 23 30 25.1 25, 26 
Dardanelle, Ark wae 22 25 28 22.8 26 
Red Basin 
Ouachita: Monroe, 40 | Apr. 16 5 
Lower Mississippi Basin 
20 25 27 22.4 
Tallahatchie: Swan Lake, Miss......... 26 | Jan. 28 ll 31.0 | Apr.12,13 
Yazoo: Yazoo City, Miss........-.----- 29 | Apr. 10 10} 30.53] Apr. 
Mississippi: 
Angola, La... 45 | Apr. 17 7 
Baton Rouge, La 35 | Apr. 16 s 
Plaquemine, La 31 | Apr. 17 8 
Donaldsonville, La 28 | Apr. 20 6 
e, La 22 | Apr. 27 1 


Above tlood Crest 
ages 
River and station Flood 
‘From— | To— | Stage Date 
MISSISSIPPI SYSTEM—continue d 
Atchafalaya Basin 
Feet Feet 
Melville, La. 37 | Apr. 17 8 38.5 | Apr. 27-1 
Atchafalaya, La. 25 | Apr. 27 2 25.0 | Apr. 27-2 
WEST GULF OF MEXICO DRAINAGE 
Sabine: , La 25 | Apr. 20 10 27.4 3,4 
24| Apr. 9 26.5 | Apr.30,1 
Apr. 25 2 28.7 | Apr. 30 
Guadalupe: Victoria, Tex..............- 21 9 ll 23.0 10 
16 17 27.3 17 
Rio Grande: Espanola, N. Mex_.-......- 7 19 21 7.1 21 
GULF OF CALIFORNIA DRAINAGE 
Colorado Basin 
Roaring Fork: Carbondale, Colo... 5 28 6.2 30 
Apr. 30 1 9.3 1 
North Fork of Gunnison: Paonia, Colo- 9 14 18 10.0 16 
27 30 9.8 29 
Apr. 2 2 10.8 1 
Gunnison: Delta, Colo__..............-- 9 “4 19 10.2 16 
PACIFIC SLOPE DRAINAGE a ® 11.2 30 
San Joaquin Basin 
Kings: Piedra, Calif 10 { 15 
San Joaquin: Lathrop, Calif...........- 17 23 
Columbia Basin 
Kootenai: Bonners Ferry, 31 = June 
Clearwater: Kamiah, 12 24 | June 3 14.6 29 
Williamette: Portland, Oreg............ 18 29 20.6 31 
Columbia: Vancouver, Wash..........- 15 7 16.1 5 


1 Continued into next month. 
4 Crest occurred previous month. 


WEATHER ON THE ATLANTIC AND PACIFIC OCEANS 


[The Marine Division, W. E. Hurp acting in charge] 


NORTH ATLANTIC OCEAN, MAY 1938 
By H. C. Hunter 


Atmospheric pressure—As in the preceding month 
most of the North Atlantic had pressure greater than 
normal during May, though the departures from normal 
were not marked this month. The greatest positive 
departures were 0.13 inch at Lerwick, Shetland Islands, 
and 0.12 inch at Madeira. The central part of the North 
Atlantic had pressure somewhat above normal, and near 
Iceland also; around the Greater Antilles and over much 
of the Gulf of Mexico there was a slight excess. 

From near southern Greenland to the waters east of 
Florida and the Bahamas there was a moderate deficiency 
of pressure. 

mong the barometer readings so far secured from 
vessels the extremes of the month are found to be 30.53 
and 28.82 inches. The higher reading was noted on the 
forenoon of the 23d, by the British steamship Tucurinca, 
about 500 miles to west-northwest of the northwestern 
coast of Spain. The lower reading was noted early on 
the 4th about 400 miles northeast of St. Johns, Newfound- 
land, by the British liner Duchess of Richmond. 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 
sure (sea level) at selected stations for the North Atlantic Ocean and 
its shores, May 1938 


Average | Depar-| High- Low- 
Stations pressure | ture est Date est Date 

Inches Inch | Inches Inches 
Julianehaab, Greenland............ 29.81 | —0.04 | 30.32 6} 29.28 1 
Reykjavik i 29.96 | +.04| 30.51 4| 2.47] 31 
Lerwick. 29.93 | +.13 | 30.39 2,4 | 20.44 29 
Valencia, 29.95 -00 | 30.39 22 | 29.38 26 
Lisbon, Portugal. 30.08 | +.11 | 30.32 12| 29.68 3 
30. 13 +.12| 30.27] 11,12] 20.94 5 
30.26} 30.46 18 | 30.08 12 
Belle Isle, 29.87 | —.02]| 30.44 29 29.28 2 
Halifax, Nova Scotia............... 29. 93 —.04 | 30.50 30 | 29.38 16 
Nantucket. 29. 93 —.06 | 30.40 31 | 29.20 15 
Hatteras 29.96 | —.05 30.23 31 | 29.58 14 
Bermuda 30.06 | —.05 30.34 26 | 29.82 5 
‘Turks Island. 30. 01 +.01 | 30.08 1,2} 29.92 6 
Key West. 29.98 | +.01} 30.14 29.85 5 
New 29.98; +.01 | 30.15 1| 29.68 7 


Note.—All data based on a. m. observations only, with departures compiled from best 
available normals related to time of observation, except Hatteras, Key West, Nantucket, 
and New Orleans, which are 24-hour corrected means. 


Cyclones and gales.—The month was less stormy than 
the average May, particularly over the eastern regions. 
From the 30th meridian to the west coast of Europe there 
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was no storm of more than slight importance felt after 
the 3d until the 28th. 

A Low centered over Labrador on the 1st intensified on 
the 2d when the center was a little north of the Strait of 
Belle Isle and remained nearly stationary on the 3d, while 
a secondary developed over the southwestern part of the 
Grand Banks. One vessel, while a moderate distance to 
southward of the Grand Banks, on the evening of the 3d, 
met a whole gale (force 10). The morning of the 4th 
found a single though well-marked center located about 
latitude 48° north, longitude 45° west. Unusually high 
pressure over and near Iceland blocked advance of this 
Low, and for about a week longer, with usually lesseni 
strength in spite of a few reinforcements from the Ameri- 
can continent, it dominated the general region of the 
Grand Banks, gales being noted in connection with it on 
several days. 

Another Low of considerable importance advanced from 
the Central States to reach the middle Atlantic coast late 
on the 14th, and showed marked strength from the 15th 
to the 17th, as it moved slowly northeastward near the 
New England and Nova Scotia coasts. Two small motor 
fishing-boats were wrecked on Marthas Vineyard, three 
of the four men on board being lost, and considerable 
other damage to shipping was reported. Well off shore 
to southward two vessels met force-10 winds during the 
15th or the early hours of the 16th. These two reports 
and the report for the 3d of May, already mentioned, are 
the only Atlantic reports yet received for the month with 
wind force as great as 10. 

By the 18th some decrease of energy was evident, and 
the storm had become the southern part of a large low- 

ressure system extending from the southwest part of the 
rand Banks to southern Greenland. Within the next 
48 hours this southern portion drew away to northward 
and the main steamship routes ceased to be affected by it. 

Late in the month the waters around and for moderate 
distances to southwestward and westward of the British 
Isles experienced stormy weather, several vessels reporting 
difficulties. The Low concerned in these developments 
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showed considerable energy by the morning of the 29th 
and thereafter, till late on the 30th, was centered about in 
in the latitutde of central Scotland, with usually greater 
extent in an east-west direction than in others. By the 
31st a northeastward movement was evident, with some 
loss of strength. 

Fog.—As is usually the case, the May fogginess showed a 
considerable increase over April in about all the areas of 
moderate to marked frequency. There was mainly more 
than normal occurrence of fog from Cape Hatteras north- 
eastward to the central Grand Banks; also for a moderate 
distance to westward of the coasts of France and Ireland. 

Over the northern and eastern portions of the Grand 
Banks and in mid-Atlantic fog was less prevalent than 
usual, several squares in the chief lanes to northern Europe 
furnishing either but one report of occurrence or no report 
whatever. 

To southward of 35° latitude a very few, widely scat- 
tered reports of fog are found. One rather unusual loca- 
tion, a few hundred miles east of Bermuda, reported fog 
on the 15th. 

For waters close to the United States coast and indeed 
for the whole North Atlantic, the 5°-square 35° to 40° 
north, 70° to 75° west, led in days of occurrence with 17. 
The first 9 days of the month found considerable fog here, 
while the period from the 18th to 29th inclusive had fog - 
almost every day. 

The square, 40° to 45° N., 65° to 70° W., which has 
arts of the New England and Nova Scotia coasts, had 
og on 16 days, distributed through the month about as in 

the square previously mentioned. 

The leading square for the Grand Banks area was that 
from 40° to 45° N., 50° to 55° W., with 12 days; here the 
period from 13th to 28th included nearly all the fog that 
was recorded. 

In waters not far west of Europe the leading square was 
45° to 50° N., 15° to 20° W., with 7 days. In this part of 
the ocean practically all the fog was noted within the 
period from the 10th to 23d. 
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OCEAN GALES AND STORMS, MAY 1938 
a 
‘oyage Position at time of | « Direc- | Direction | Direc- 
v lowest barometer 2) Timeof | v i tion of | and force | tion of | Direction Shifts of wind 
Vessel | lowest | | wind | ofwind | wind | and high- | time of low- 
| | | | | | Srwind | est barometer 
From— To— Latitude | Longitude) 
= = 3 began rometer | ended 
NORTH ATLANTIC 
OCEAN 
of Inches 
Nemaha, . 8. 8......| 44 54N./| 19 12 W. 1] Ma, 20.65 | -| NW, 
Leto, Du. 8. Galveston._..-- 140 25N.| 47 52 W. 3| 7p, 3..... 3 | 29.33 | SSW_..| SSW, 10..| SW....| SSW, 10_-| SSW, W8W. 
Amsterdam, Du. Batton Rouge..| Avonmouth....|140 15N.| 49 25 W. 3| ilp,3.-.-| 20.45| rene -NW. 
Pres. Harding, Am. 8. 8.| New York..._- 42 55N.| 44 56 W. 3 | 4a, 5 | 29.24 | SSW__.| SSW, 9....| NW_...| SSW, 9_...| SSE-W. 
Black Condor, Am. 8. 8.| 45 30N.| 43 00 W. SW, 9....| WSW-__| SSW, 9_...| S-WSW. 
Steel Ranger, Am. 8. S_.| Wilmington, 35 00N.| 45 54 W. 5 | 5p, 5..... 5 | 29.83 | SW, 8...-- .-.-| SW, 8..-..| 
Gand, Belg. 8. New Orleans...| 139 19 N.| 5608 W. 9 | lip, 8...- 9 | 29.63) WNW.| WNW, 7..| WNW.| WNW, WNW-NNW. 
Sundance, Am. 8. 8.....| Charleston... Avonmouthb....| 40 35 N.| 48 51 W. 9 | 9a, 9_..... 11 | 29.54 | NW_...| WNW, NW, - 
Speybank, Br. M. 8___.. Philadelphia___|137 11 N.| 46 12 W. 9 | 10p, 9---- 9 | 29.83 | SW__.-| SW, 8.....| SW, 8____- SW-W 
anhattan, Am. 8. Cobh..........| New York..-._. 43 56N.| 44 32 W. 10 | 4a, 10 | 29.30 | WNW._! W, 
Black Gull, Am. 8. 8_...; New 44 24N.| 4230 W. 9 | 8a, 10_.... 11 | 20.25 | , W, W-NW 
Vincent, Am. Dunkirk. ...... New York. 46 36.N.| 36 20 W. 10 | 2p, 10...-| 11 | 29.11 | SSW_..| WSW, W__...- WSW, 9__| SSW-WSW. 
Tuseal aloose City, Am. | Avonmouth...-| Portland,Maine.| 47 54.N.| 35 50 W. 10 | 4p, 10....| 11 | 29.07 | SW....| SW, 6.....| SW-WNW. 
Exmoor, Am. 8. 8......- Lisbon........- New York.....] 36 20N.| 58 40 W. 9| 4p,10....| 10 | 29.67 | SW..-.| SW, 7_.-.- SW....| SW, 8.....| 
Trader, Am. | 146 29N.| 32 37 W. 10 | 7p, 10.--- 11 | 29.19 | SW....] SW, wsw, 9_. 53 
Bilderdijk, Du. 8. S.....| Rotterdam.____ New York..._. 48 54N.| 2127 W. 11 | 9a, 11 | 29.53 | SW, SW....| SW, 8...-- 
New Orleans...| 41 30N.} 4512 W. 12 | Op, 11.... 12 | 29.80 | W_..... wsw, SSW-W. 
San Jacinto, Am. 8. 8...] New York....- an Juan_.....- 38 30N.| 73 05 W. 15 | 14.-| 15 | 29.43 | W, 9.....- SE- 
Speybank, Br. M. 8....- Philadelphia___|138 25 N.| 70 59 W. 14] 5p, 15....| 15 | 29.46] SE____- ‘eat: SW____| SE, 10... SWw-w. 
ormaestar, Am. 8. 8__| New York...-- 35 50N.| 71 50 W. 15 16 | 29.58 | WNW._| W, W-WNW. 
ey of Hamburg, Am. | Southampton..| Norfolk.......- 41 04N.} 6007 W. 16 | 4p, 16..-- 16 | 29.47 | SW....| SSW, 7....| SSW--- ssw, 9__..| SSW-WSW. 
Bilderdijk, Du. 8. 8.....| Rotterdam..... New York....- 141 19N.| 5528 W.] 16] 4p,17...-| 16] 29.62] WNW, 4._| S......- sgw-WNW- 
Floride, Fr. 8. 8 < 136 57 N.| 49 35 W. 17 | 6p, 18...-| 18 | 29.88 | S.......] W, 7..---- WSW..| SSW, 8....| WSW-W. 
Caledonia, Br. 8. 8......| New York..-.- Moville.......- 47 15N.| 47 20 W. 22 | 9a, 8, 6.......| 8, 8......./ 8-88W. 
Schuylkill, Br. M. 8__..- 15041 N.] 10 15 W. 29 | Noon, 29-| 29 |729.43! W______ s-W. 
Rhode Island, Am. Port Arthur_...| Liverpool. 37 20N.] 65 30 W. 30 | 5p, 30.... 31 | 29.97 | ENE_.| ENE, 7...| NNE-..| ENE, 8...| None. 
Europa, Ger. 8. 8.......- Cherbourg.....| New York..-..- 41 36N.| 49 54 W. 31 | 10p, 31... 31 | 29. 53 N, 
NORTH PACIFIC 
OCEAN 
Maru, Jap. | Vancouver-.... Yokohama.....| 50 12 N.| 177 18E 1 | Noon, NNE, 8... 
Pres. Jefferson, Am. 8. 8.| Seattle. do. 51 59 N.| 158 30 W. 2 | 3a, 2...... 3 | 29.14 | SW.._.| SW, WNW, 9..| SW-W. 
Hoegh Hood, Nor. M.8.| Estero Bay....- Tsudumatsu..-| 35 18 N.| 12300 W. 3 | 4a, 3_..__- 3 | 30.10 NW, 8.._- 
Tai Yin, Nor. M. Yokohama._..-| Los Angeles....|!47 13 N.| 168 04 W. 10 | 5a, 11 | 23.98 | W_..... NE, 5.....| WSW,7) WSW, 8_.| NE-NW. 
Meigs, U. 8. A. T....--- Manila._....... San Francisco_-| 19 20 N.| 129 02 E. 13 | 8a, 14....-| 15 | 29.24 | NNE--| SSE, 5.-..| S__...’_| SSW, 12... S8E- 
Tu 41 37N.| 16317W.| 14 | 1a, 16..... 15 |229.60 | S.......| 7.------ 
Manulani, Am. 8. §.....| 36 54.N.| 12536 W.| 18 | 4a, 18... 18 | 30.01 N, §....... 
Nitro, U. 8. N....-..---- San Diego._-.- Balboa...-.---- 18 54N.| 10500 W.| 24 | 5p, 29.84 | ENE, 2..-| E.....- 
Hermion, Nor, M. Portland, Oreg.| 48 18N.| 17106 W.| 27 | 1p,26....| 27 | 20.15 |.....-...| ssw, 
Tsuyama Maru, Jap.8.8.| Yokohama_....| Los Angeles....| 43 52.N.| 162 00 W. 29 | 1a, 30__... 30 | 29.77 wsw, wsw, 
1 Position approximate. 2 Barometer uncorrected. 


NORTH PACIFIC OCEAN, MAY 1938 
By E. Hurp 


Atmospheric pressure.—For the third consecutive month, 
beginning with March 1938, pressure continued to be 
abnormally low over Aleutian waters and abnormal! 
high in the neighborhood of Midway Island. Dutce 
Harbor in May 1938 had an average pressure of 29.51 
inches, which is 0.33 inch below the normal; while Midway 
Island had an average pressure of 30.18, which is 0.13 
above the normal. The Aleutian cyclone persisted 
throughout May and the lowest pressure reading of the 
month at Dutch Harbor, 28.80 inches, occurred as late 
as the 27th. The North Pacific anticyclone was prac- 
tically ocean-wide in extent, with pressures above normal 
generally in middle latitudes. 

Extratropical cyclones and gales—Numerous cyclones 
appeared over northern waters of the North Pacific Ocean 
during May 1938. Although their combined result was 
an extraordinarily low average pressure for the month over 
the eastern Aleutians, yet none was of more than light to 
moderate energy. ‘The most severe pale thus far reported 
by any ship in central and higher latitudes was only of 
force 9, barometer 29.14, experienced by the American 
steamer President Jefferson during the night of May 2-3, 
in the vicinity of 52° N., 158° W. 

Practically all gales observed in connection with cy- 
clones in extratropical waters occurred to the northward 
of the 40th parallel, between longitudes 175° E., and 


TABLE 1.—Averages, departures, and extremes of atmospheric pressure 
at sea level, North Pacific Ocean, May 1988, at selected stations 


| Low 
age ure 
Station pres- | from est Date est Date 
sure 
Inches | Inch | Inches Inches 
29.89 | —0.20 | 30.44 6,7 29. 52 12 
29. 51 —.33 | 30.02 25 28. 80 
St. Paul 29.62} —.22]| 30.06 14 28. 98 27 
. —.13 | 30.14 26 28. 90 ll 
. +.01 | 30.39 14 28. 92 ll 
\ +.10 | 30.44 13 29. 76 27 
’ +.01 | 30.23 + 29.77 16 
29.86 | +.01 | 29.94 18 29. 78 30 
30.00 | —.05| 30.12 2 29. 90 14 
Midway Island 30.18 | +.13 | 30.33 19, 20 30. 06 16 
29.85 | —.03 | 29.92 ll 29.77 6 
29.79 +.02 | 29.83 | 5,20, 21,24 29.71 
29.78 -00 | 29.98 29. 40 3 
29.85 | +.03 | 30.03 9 29.71 17,18 
Titijima. 29.98 | +.07) 30.15 14 29.77 18, 22 


NotTE.—Data based on 1 daily observation only, except those for Juneau, Tatoosh 
Island, San Francisco, and Honolulu, which are based on 2 observations. Departures 
are computed from best available normals related to time of observation. 
155° W. ‘The greater number of these did not exceed 8 
in force. They were reported on the Ist to 3d, 10th, 14th, 
15th, 27th, and 30th. During the prevalence of the 
deepest cyclone of the month, over the eastern Aleutians, 
from the 26th to 28th, while only one force-8 gale was 
reported, yet there were winds of force 7 in the vicinity 
on ail three dates. 

On the 3d and 18th northerly gales of force 8 occurred 
off the central California coast fave the eastern slope of 
the oceanic anticyclone. 
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Tropical cyclones and gales.—Subjoined is a report by 
the Rev. Bernard F. Doucette, S. J., Weather Bureau, 
Manila, P. I., of two typhoons which affected Philippine 
waters d May 1938. The typhoon of May 7-18 is 
noted as having been of hurricane intensity on the 14th. 
Early that morning the U. S. A. T. Meigs, in and near the 
vicinity of 19°20’ N., 129°02’ E., encountered winds of 
force 12 which lasted for several hours. Gales of lower 
force continued on ship through most of the 14th and even 
at pone they had diminished only to force 7. 

Fog.—¥og was the most important meteorological ele- 
ment of the month on the North Pacific, particularly in 
east longitudes, where the conditions of late spring and 
early summer usually bring it with considerable frequency. 
In several 5° squares along the western part of the north- 
ern steamer routes, and to the west-northwestward of 
Midway Island on the middle routes, fog occurred on 5 to 6 
or more days. The American steamer President Taft, 
eastbound from Yokohama, reported such extensive fog 
banks east of Honshu on the 4th to longitude 166° E., in 
latitude 33° N., on the 7th, that a constant lookout had 
to be kept on account of it. East of midocean, fog was 
more widely scattered and less frequent. Off the Cali- 
fornia coast, ships reported fog on the 22d to 25th. Dur- 
ing dense fog late on the 23d the American steamer 
Walter A. Luckenbach and the Japanese motorship Arima- 
san Maru collided outside of Los Angeles Harbor break- 
water, with the result that much damage was done to 
both vessels. 


TYPHOONS AND DEPRESSIONS OVER THE FAR EAST, 
MAY 1938 


Bernarp F. Dovcerrs, 8. J. 
[Weather Bureau, Manila, P. 1.] 


Typhoon, April 28-May 5, 1988.—A low-pressure area 
appeared during the afternoon hours of April 28 about 
120 miles east of northern Mindanao and moved, as a 
depression, along a west-northwesterly course across the 
Visayan Islands into the China Sea, where, April 30 to 
May 2, it inclined slightly to the northwest, thus reaching 
the Paracel Islands. There were no strong winds, nor 
did the pressure fall very much, and the disturbance 
seemed to be a depression of little importance. 

Intensification began during the afternoon of May 2 
as the center changed its course to the north-northeast. 
Moving more rapidly now, and inclining to the north 
the typhoon (there was no doubt that it had intensified 
to this stage) passed about 100 miles southeast of Hong 
Kong and entered the China coast close to and west of 
Swatow shortly before dawn, May 4. It weakened some- 
what after this as it was followed for two days, finally 
disappearing northwest of Shanghai. 

The first indications of the strengthening of the storm 
came with observations received from the S. 8. Tjibadak. 
May 3 at 8 a.m. when in latitude 17.3° N., longitude 
117.3° E., a pressure of 750.83 mm (29.560 in.) with south- 
southwest winds, force 6, was reported. From Hong 
Kong, May 3, at 2 p. m., a pressure of 750.6 mm (29.551 
in.) was the lowest of the synoptic observations received. 

There are some interesting aspects to be found in a 
study of the upper winds over these regions as the de- 
pression intensified and became a typhoon. The critical 


period was May 2 and 3, as the depression recurved to the 
north-northeast and intensified. Indo-China reported 
only a few ascents before May 1, showing southeast, south, 
and south-southwest winds with velocities of 10 to 20 
k. p. h. below 1,000 m. No pilots were broadcast on 
May 2. A northeasterly current, less than 20 k. p. h., 
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backing to the northwest quadrant in the afternoon, was 
indicated on May 3. Above 1,500 m, northwest and 
southwest winds were found, with velocities of 10 to 35 
k. p.h. Over Hong Kong, there were east winds, veering 
aloft to southeast and increasing in strength, from 15 to 
50 k. p. h., on May 2, to values over 50 k. p. h. on May 3. 
On April 29, there were weak east and southeast winds 
over the Philippines. On the following days, the velocities 
increased, oe | from May 1 to 4, velocities from 30 to 60 
k. p. h. were maintained. Zamboanga, it should be noted, 
had northwesterly winds at various levels on May 1 and 2. 
Over Malaya, westerly and southwesterly winds gradually 
predominated and increased in strength on April 29 and 30, 
so that on May 1 to 3, a definite current of air was flowing 
from the west-southwest and west with velocities from 10 
to 30 k. p. h. These data indicate that strengthenin 
winds from the southeast and southwest quadrants h 
some part in the intensification of the depression. 

Typhoon, May 7-18, 1938.—A low pressure area formed 
over the ocean regions north of Palau, first appearing on 
May 7. A definite circulation with weak winds around a 
center and with pressure values slightly below normal, 
apparently of minor importance, best describes the dis- 
turbance, which moved along a westerly course to the 
Philippines. On May 9 it was central over the Visayan 
Islands and Luzon. The next day, still a low-pressure 
area, it was moving in a northwesterly direction with a 
tendency to incline northward, the center passing along 
central and northern Luzon. Up to this tame, the lowest 
pressure reported was 753.5 mm (29.665 inches) as the 
storm moved over the Archipelago. 

The morning weather map of May 12 indicated the 
center about 100 miles east-southeast of Aparri, after pass- 
ing in a northeasterly direction across northern Luzon 
into the Pacific, this taking place a short distance north of 
Palanan, Isabela Pr. During the night, intensification had 
begun and the storm now manifested the strength of a 
typhoon. An easterly movement of about 300 miles in 
24 hours preceded a change of path to the northeast and 
then to the north (the afternoon of May 14), the latter 
change occurring near latitude 20° N., longitude 130° E. 
On May 16 the center was located not far from latitude 
24° N., longitude 130° E., from which position it again 
moved in a northeasterly direction, gradually inclining to 
the east-northeast as it disappeared east of northern Japan 
during the afternoon hours of May 18. 

The U. S. A. T. Meigs, enroute from Manila to the 
United States, was traveling along a course almost parallel 
to that of the typhoon and north of the center. On May 
13 and 14, when the typhoon changed its course to the 
northeast and later to the north, the ship came under the 
influence of the typhoon winds and seas, encountering 
heavy seas and winds of hurricane force. Of the many 
observations sent to the Observatory, that with the lowest 
barometer reading was made, most likely at noon, May 14 
(the time of the observation could not be sr deter- 
mined from the radiogram, and verification could not be 
obtained in time for the preparation of this article), when 
the ship was in latitude 19° 12’ N., longitude 129° 10’ E., 
the om ute being 29.18 inches (741.17 mm), with south- 
southwest winds, force 6. 

The pilot balloon observations made at Philippine sta- 
tions during the course of this storm indicate an important 
factor in the intensification of the disturbance. While 
the center was over the Archipelago, the circulation was 
not strong, due very likely to the friction between the air 
and the innd. The southwest quadrant winds at Cebu 
and Zamboanga were about 15 k. p. h. and at the same 
time, Manila and Aparri had east and southeast quadrant 
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winds, velocities from 15 to 30 k. p. h. After May 11, 
however, when the center was over the ocean regions east 
of northern Luzon, the circulation was not checked so much 
by land areas and intensification could be expected. 
Pusthemuben; the southwest quadrant winds were allowed 
to accelerate because of the low hills of southern Luzon, 
namely the country south of the locality of Infanta, 
Tayabas Pr. Thus the southwest current of air was al- 
lowed to flow more freely and help in the intensification of 
the storm. The velocities at Cebu and Zamboanga in- 
creased threefold during this period, and at Manila, when 
the winds shifted to the southwest, velocities from 30 to 
50 k. p. h. were recorded. Malaya pilots (those which 


CLIMATOLOGI 


were copied from the weather broadcasts) on the days pre- 
ceding May 11 showed east quadrant winds intermingled 
with southwest quadrant winds, and velocities, with very 
few exceptions, less than 20 k. p.h. On May 11 and 12, 
a definite southwest quadrant current prevailed, with 
velocities from 15 to 25 k. p. h., which, on the following 
days weakened and had south-southwest and northwest 
directions intermingled with the southwesterly directions. 
There is very good evidence in the pilot balloon observa- 
tions during these days that the topographical features of 
southern Luzon helped in the intensification by allowing 
the southwesterly winds to flow more rapidly toward the 
typhoon center. 


CAL TABLES 


CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest meee, with dates 


id occurrence ; the stations reporting the greatest and least total precipitation ; and other data as in 


icated by the several 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 


The mean departures from normal temperatures and p 


recipitation are based only on records from stations that 


have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 
TaBLE 1.—Condensed climatological summary of temperature and precipitation by sections, May 1938 
[For description of tables and charts, see REVIEW, January, p. 29] 
Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
e 
a a 
Station 3 Station Station 
Bi aA sia A 
| °F. oF, In. In. In. 
72.9 | +1.6 | 2 99 | 120] Florence_........... 42 9] 3.48 |—0.64 | Winfield............ 7.48 
65.0 | —1.0 114 31 | Fort 13 7 .20 | —.13 | 2. 36 
97 | 130 | 34 9| 462] —.36 | Eureka Springs..... 15. 27 
California...........- 61.1] —.3 | 2stations............ 113 | 114] 2stations............| 4 3 .41 | —. 53 2. 52 
Colorado..........--- 51.9] —.3 | 3 stations............ 95 28 | 3 stations............ 3] 17] 2.48] +.58 Akrom............... 5.09 
76.8 | +1.2] Arcadia............. 103 26 | 2 stations............ 46} 4.10] +.12} De Funiak Springs..| 10.38 
72.8 | +1.2 | 4stations............ 102 | 121] Blairsville 38] 10] 3.47 | +.02 Midville............ 7. 86 
Idaho 51.8 | —1.2 | 3 stations. 96 | 126 | Warren_---- 6 2] 1.55 | —.10 | Grangeville. -......- 3. 78 
Illinois. 63.0 | +.3 2 stations............ 92 25| 13} 5.14 |4+1.07 | Edwardsville........| 7.94 
Indi 62.6 | +.4] Princeton........... 94| 20] Collegeville......._- 13] 5.53 |+1.50 | 9. 02 
59.5 | —.5 | 3 stations............ 89 13] Lake City...........| 29] 17] 5.45 [+136 | Osage............... 11, 25 
63.5 | —.3 | 2stations.... 99 26 8} 7.56 |+3.70 | Emporia_........... 16. 65 
65.7 | +.3 93 19 | Mount Sterling - -__- 32} 13] 5.73 |4+1.71 | Owensboro.........- 8. 46 
74.4] +.7 | 2 95 | 129 | 44 9} 2.51 |—2.05 | Port Sulphur........) 7.34 
61.3 | —1.1 | Cumberland, Md...| 96 Bi 7. 66 
54.8 | +.8 | 2stations............ 90 18} 12] 3.67] +.49 | 8. 25 
53.3 | —1.8 | New 90 18 7| 6.55 |+3.33 | Hastings............ 10. 95 
73.3 | +1.5 | Clarksdale-.._....._. 100 31 | Batesville........__- 40 0] 272 |—161 | Fulton.............. 12. 66 
65.0 | +.6 | Caruthersville.......| 94 22 | 13] 6.13 |+1.35 | 12. 21 
50.6 | —1.2 | Glasgow..-.......-- 92 27 | 2 stations..........__ 12] 17] 3.18 |+1.02 | Chessman Reservoir_| 7. 67 
58.2] —.9 97 22 4.99 |4+1.53 | 9. 80 
55.4 | —.1]| Las Vegas Airport___| 104 12 3] 1.18 +} 3. 31 
New England.......- 53.6 | —1.5 | Manchester, N. H..| 88 5 | 22] 14] 3.64 | +.29 Kingston, R. 5.84 
New Jersey...------- 59.0 | —1.4 | 12 | 26 |113| 3.51 | —.22| Woodcliff Lake...-- 4. 68 
New Mexico--....... 58.6 | —1.1 | Orogrande.........- 103 27 | Red River Canyon..| 7 8 .67 | —. 52 | Mosquero........... 4.41 
New 55.0} —.9 | Dansville. .......... 89 5 18] 12] 3.01 | —.45 | Skaneateles......... 6.62 | 1,24 
n. 
North Carolina. 67.7 | +.9 | 100 6 | Mount Mitchell_____ 30} 9] 4.91 .83 | 10. 32 | 2.14 
North 52.0 | —1.4 28 | 4 18 71) 2.55 t: 24 | Hillsboro............ 5.42 | 
Ohio --| 61.3] +.8 | 3 stations............ 92| 13] Medina (near)...__- 24| 12] 5.25 |+1.55 | Miamisburg.........| 9.42 | Cleveland 2. 69 
68.8) +.5 102 | 129 | 27 8} 5.95 |+1.22 | Fairview............ 13. 42 1,59 
98 25 | Fre t 11 .84 | —.88 | 3.68 | 3 stations.............. 
Pennsylvania........ 58.8 | —.7 | 93 5 | 20} 3.85 | —.02 | 6.56 | Gratersford..........- 
South Carolina...... 72.3 | +1.4 | Lake City_.......... 102 22 | Long Creek (near)..| 39] 10| 414| +.56| Spartanburg..._..--! 7.46 | Heath Springs........| 1.62 
South Dakota-...... 55.2 | —1.1 | Hot 94 28 Redig 18 71 3.48 | +.60]| Forestburg.......... 6.00 cLaughlin.......... 1,74 
Tennessee. .........- 67.8 | +.9 2 stations............ 93 19 | 35| 16] 5.81 |+1. Tellico Plains.......| 9.60 | 86 
73.5 | +.5| Fort Stockton.......| 109 | 27 | M oe...........| 27] 3.08| —.56]| Houston_. 10. 27 | 2 stations 00 
53.3 | —2.0 | 2 stations 100 14 | Silver Lake.._______ 5 5| 1.80] +.58 | Silver Lake.........] 5.15 
63.7] —.4| 96 4 | 2stations 30] 12] 4.31 | +.57]| Pennington Gap....| 7.39 | Balcony Falls_........ 2. 04 
55.3 | +.7 | 3 98 | 124] Paradise Inn________ 19 1.09 | —.87 6.02 | White 
West Virginia........ 61.1] —.6 | Glenville............ 94 | Bayard.......... 20} 13] 5.97 |4+2.01 | 10. 51 3. 62 
Wisconsin. ........--| 55.1 | —.1] Brodhead_.......... 89 2 | Long 18} 12] 5.06 |+1.46 | River Falls.....-... 11.89 | 1.41 
y 48.4 | —1.0 | 5 stations............ 90 | 127 | Dome Lake_________ 3 7| 263 — Field Sta- | 7.11 | 
Alaska (April)....... 34.5 | +7.9 | Seclusion Harbor....| 70] 23 —15}120| 1.67] +.22| -00 
71.9) +.2 92 1 | Kanalohuluhulu..._| 42] 18 | 10.09 |+4.31 | Puosakamoa No. 2..| 55.00 
76.5 | —.7 | 2stations............| 95 | 113] 55| 28] 
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Taste 2.—Climatological data for Weather Bureau stations, May 1938 
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Elevation of 
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May 1938 


District and station 


h 


Island. 
Jacksonville. .......-- 


New England 
Eastport 


East Gulf States 
West Gulf States 


New York.....------- 


Harrisb’ 


Florida Peninsula 


Key 
Miami 


nehburg -. 
Norfolk... 


y 


Pensaco 


Fort Smith..........- 
Little Rock.........-- 


Vicksburg. ...-------- 
New 


Birmingham.....----- 


Thomasville. 


Greenville, 8. 


Charlotte.........---- 


Wytheville. ....---.-- 


Washington. 


Cape Henry- 


Sandy 
Trento. 


Scranton_.....-.------ 
Atlantic City 


Reading. ....---.----- 


Albany -.-------------- 
Philadeip 


Middle Atlantic States 


L 
Sav: 


See footnotes at end of table. 


Pressure 
a 
| 
| 
> 
Ft. °F | In. 
53 
76 3 0.0 
Greenville, aine....|1, 069 77| 31] 22) & .0 
Portland, Maine......| 103 71| 21] 60} 38) 13 .0 
403 16 | 75| 31] 64| 4 
876 + 75| 64 5} 4 .0 
29 6 24) 64) 41) 5 oO .0 ~ 
12 73| 21| 60| 40| 7 .0 
26 | 68] 21] 59) 42) 12 .0 
159 24] 67| 39) 31 0} .0 
159 78| 68| 38) 13 .0 
106 5 78| 2) 66| 40) 13 oO .0 
97 04 80 67| 37 0} .0 
871) 0% 85| 5] 67| 29 .0 
314 Of | 78| 2] 68) 38 .0 
374) 0 | 81] 70) 40 
114| | 82] 6] 42 .0 
323) | 82| 5| 70) 41 .0 
805 0 | $4] 5| 34 .0 
52 0 | 87] 6] 66| 42 .0 
22] | 79| 24) 64) 43 .0 
190} 84| 6) 69] 39) .0 
123] 0 85| 21| 72) 45 .0 . 
112 0 3| 72| 44 .0 
18 89] 24) 72} 48 .0 
686 41 76| 47 .0 
91 0 b| 90) 21) 75| 48 .0 
144 b| 90) 5] 75| 46 .0 
2, 304 0 84) 71) 42 .0 
2, 253 of 89] 19] 75 .0 
779 0 93 80 .0| .0 
886 92] 4) 78 .0 
11 84| 5| 76 .0 
376 0 94| 4) 79 .0 
72 0 93| .0 
48 99| 84 .0 
347 0 95) 21) 84 oO .0 
1, 039 94| 22) 80 
18 0 96) 22) 85 .0 
65 0 99) 22) 87 oO .0 
4 99 87 .0 
2 7| 89) 28 69) 1 .0 
2! 8} 89] 15| 83) 66 .0 
3] 94 88| 63 .0 
3} 98) 21 57 .0 
2 
974 96) 19 51 .0 
37 01 9} 96| 22] 84) 53 .0 
271 01 4) 96| 19] 86) 57 
3 0} 21) 83| 60 .0 
7| 85] 31 59 .0 
74 1] 92| 21] 46 .0 
of 91 82) 51 .0 
57| 86) 161] 29.92] 29.98) —. 5| 89) 21) 82) 55 .0 
218} 92} 29.74) 29.99] .0d 93] 19] 84| 54 .0 
375| 67| 92| 20. 58) 29.96) —. 0% 7} 92) 30) 84) 50 .0 
247| 102] 29.69] 29.95) —. 07 0} 90] 31] 83] 53 .0 
53| 84] 29.93) 29.98) +.0 2} 21] 84) 63 | .0 
73.8) +0, | 
249| 227) 29.66) 20.93] —.02| 74.8) 41.2) 93) 31 51 .0 
12} 38) 28.56) 29.91) —.02) 66. 88 77\ 39 .0 
57) 82) 29.44) 29.92} —.01| 70.8) +1.2) 92 44 | .0 : 
357| 94) 102] 29.55) 29.92) —.03] 71.0) +. 7) 90 80| 48 .0 
605| 68] 90} 20.26) 29,89)......| 74.4) —.2) 91 83) 50 .0 
Brownsville..........| 57| 88| 96] 29.79) 20.85)......| 78.8] +. 2) 90) 31) 85) 64 .0 
Corpus Christi....... 20| 11) 78) 29.86) 29.88) —.02| 77.6) +1.4| 88) 4) 83) 57 .0 
512] 220] 227] 29.34) 29.88]......| 72.8]......] 92) 30) 82) 44 .0 
Fort Worth...........| 679| 92) 110} 29,19] 20.80) —.02| 72.9) +. 6) 93) 20) 82) 44 .0 
Galveston............| 106) 114] 20,88] 29.94) .00| 75.6) +.8) 84) 23) 80) 62 .0 
Houston..............| 188} 292| 314] 29,79] 29.93]....../ 75.2) —.3) 90) 28) 83) 57 .O} .0 
Palestine.............| 64] 72)...-..| 29.92) —.01) 73.2) +. 5) 89) 31) 82) 48 .0 
Port Arthur........--| 34] 59] 134] 20.90) 20.94)....../ 76.0)....../ 89 82) 56 .0 
San Antonio.......---| 693! 111! 301! 29,16! 29.87! —.03! 75.2! +. 11 94 -O 29 ‘ 
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District.and station 


Ohio Valley and 
Tennessee 
North Dakota 
Valley 
Minneapolis-St. Paul, 


Moorhead, 


Devils Lake 


Upper Mississippi 
Missouri Valley 


La Crosse........-.... 


Lower Lake Region 


Marquette............. 
Sault Ste. Marie__._ 
Milwaukee...........- 
Grand 
Charles 
Des 
Springfield, 


Grand Ra 


Fort 
L 


Knoxville_ 
Memphis_. 

Lexington. 
Evansville__.......... 
Indianapolis._........ 
Terre 
Cincinnati...........- 
Columbus...........- 
Elkins__. 
Parkersburg 
Pittsburgh ! 

Cleveland............- 


CS ESS Sen 


See footnotes at end “m table, 


Pressure Precipitation Wind 

| | | 

| | | | 

| | & | | | 

op.) °F. In. | In. 10| In.| In. 
65.1] 40.1 5.52) +1.8 6. 

214] 29.17] 29.97|—0.02| 70.5] +1. 7] 90] 19} 80] 49] 9] 60 66) 4.24) +0.4) 14 w. w. | 23) 4) 11) 6.31 0.01 
84] 28.93) 29.97] —. 02] 68.2} +1.0] 90) 19] 78) 48) 9) 58) 33 56| 73} 8.81] +5.1] 16 w. 28} w. | 14] 11] 11) 91 5.4) 
86| 29. 51| 29.93} —. 03] 72.2} +1. 6] 91] 31] 80} 53] 9} 64) 23] 63] 58] 66] 2.86) —1.3) 1 25| sw. | 23 12) 13} 6.1) .0| 
188} 29. 40} 29.98} 68.6] +. 4] 90] 19] 78} 46] 9| 59] 27) 61] 57) 72) 4.35) +.5) 17 33] nw. | 23 15} 10) 5.9} 
| 234) 29. 38] 20. 66. 2} 4] 12] £5) 69 nw. | 21) 12/12) 5.6) 
| 116] 29.47| 29.93] —. 04] 67.4) 89 77| 13) 58] 27 53| 66} 5} +.1) 13 34| nw. | 14] 7] 11] 13] 6.0) 

| 230] 29.06] 29.94] —. 03] 62.4) —.5| 85 72| 37) 12) 53) 31] 55] 49) 66 4] +1.2) 20 35] w. 4! 11) 16) 6.9] .0 

| 149} 29. 30] 64. 88 75| 38) 13] 54) 33) 57| 51) 67 i] +2.9| 12 30] sw. | 23] 4] 16| 11) 6.3) .0 

| 51] 29.28) 29.95] —. 04) 63.6] +. 5] 87 75| 34) 12) 52) 31) 57] 53) 74 7] +2.9] 18 24| sw. | 14] 6) 13) 12) 6.3) .0 
| 210} 29.07] 29.94) —.04| 63.2] +. 9] 87 74| 36| 12) 53] 34 49] 66 2} + 13 32| sw. | 9} 7| 14) 10) 5.8) .¢ 
213} 28.98] 62.5] —. 1] 85 72} 35) 12) 52) 33] 56} 51) 70 + 14 42| sw. | 23 18} 7} 5.7) .0 
83| 27.96) 29.99) —. 01] 58.0] —1. 2) 85 69| 28] 13| 47} 53] 49] 76 +3.0) 16 31| sw. | 21 11) 15] 6.8) .0 
84) 29.28} 29.95) —. 04) 62.9] 89 74] 12) 52} 41) 56] 52| 72 11 25] w. 14) 7| 10) 5.2} .0 
54) 28.61] 29.95) —. 04) 60.4) —2. 0] 86 71} 33) 12 34 46) 65 1 nw. | 16 15) 6.2} .0 
57.5] — 67| 3.26) 0.0 6.2 
| 768) 243) 280) 29. 10) 29.93) —.04) 55.6) 87| 63 11 31 72} 2.06] —1.0} 13} 13.2) sw. | 54] sw. | 23 10} 16, 6.5) T 
448} 10) 29.44) 29.92]______| 55.2] 76] 31] 66 4| 44] 33] 49] 44] 68! 1.96] —1.0| 10} 7.9) w. e. 17] 10] 6.3) .¢ 
836] 100} 29.04) 29.94]______| 56.2} 86] 67 12 44 2.43] 12} 83) nw. | 28] se. | 23 11) 16 6.8) T 
| 71| 85] 29. 56] 29.93) —.04) 53.6] 77] 20] 62 12| 46 48| 42] 68) 2.38} —.7| 13} w. | 26) mn. | 15) 7} 11) 13} 65) .¢ 
86] 102] 29. 38] 29.95] —. 02] 56.9 81| 66 12} 48) 28) 49) 41 2.18} —.8| 12) 8&3) w. | 33] w. | 20 14) 6.0} .0 
| 596| 65] 79] 29.30] 29.95] —. 03) 57.3 5] 66) 12) 48) 4.36] 41.4] 15) 7.3] w. 24| sw. | 23 16) 6.5) .0 
| 130) 166] 29.17] 29.94] —. 04! 57. 86] 5) 65 13] 49] 28] 51) 46 3.10} 13} 11.9) w. 41] se. | 14] 9| 12) 10) 5.8) 

| 762| 267| 318] 29.12] 29.94) —. 04) 59.4] 83] 3] 68 11} 51] 31) 46] 65) 2.69} —.4) 140) se. | w. | 23) 11) 9 1115.4) .0 
629| 5] +67] 29.25] 29.93] —. 05] 59.9 87| 4) 70 12 5.38] 10] 83) e. 29] sw. | 23 12} 14] 6.6, 

628| 79] 87} 29.26] 29.94) —. 03) 59.8 87| 3] 69 12} 51] 33] 53) 47] 68) 3.03] —.5| 15) 91) w. 27| w. 5.3} .0 
857| 69} 29.01) 60.4 86| 3] 70 12] 51) 31] 54) 48) 68] +1.2) 11) 87) nw. | 20) sw. | & 1 6.2} .0 
78] 29.25] 29.94) —.03] 58.4 19} 68 11} 49 47| 71) 4.42) +1. 9.6) se. sw. | 6 14] 6.8) .0 
53.7) + 74) 3-67| +0.4 6. 

609} 13] 89] 29.28] 29.94) —. 03) 50. 1} 58 43 46] 41 2.74] 12] 11.0) se. e. 13) 11) 5.8) 

| 612} 41) 49) 29.27] 29.94] —.03| 52.0] 73] 29] 60 44} 25] 47] 44] 76] 3.09) 13) 11.0) s. ne. | 3 12) 16] 7.0) .€ 

| 70} 244] 29.16] 29.93} —.04| 58.7) 87] 3] 68 | 49] 31 48| 74, 6.25) 12.8! 14] 10.4) se. | 43) sw. | 6 14) 12) 6.6} 
878} 5] 90} 28.98} 57.2] 85] 3] 67 | 47] 36] 48) 75 2.3} 14] 85] se. | 28] s. 19] 4} 11] 16] 6.9) 
5} 54) 29.22) 54.8) + 81| 4) 64 | 45} 31) 49) .6 
44) 69) 29.13) 20.94) —.03) 50.2) +1 77| 22) 58) | 42 31 42) 76 | 31) se. 5} 16) T 
| 11] 29, 28] 29.98) +. 03) 51.6] 74) 29] 61 42| 34 38) 65 1.2} 11] 8&9] se. | 25] nw. | 16 9) 156.5) .0 
| 131) 29.20) 29.92] —.04| 58.3] +.8] 88] 3] 67 | 50 52| 48) 73 .4| 16} 9.8} ne. | sw. | 5} 9} 10) 12) 6.2) .0 
| 109] 141] 29, 23] 29.90] —.05} 55.2) +.3] 78] 4] 64 46} 28} 49] 44] 70 1,2} 12} 10.7) se. | 34) nw. | 3) 3) 6) 22) 7.7) .0 
| 97| 221! 29.17] 29.90) —.06] 54.6] +.5] 85] 3) 37 46} 29] 49] 45] 76 4) 11.3) se. | 38] w. 4} 5| 10) 1616.9) .¢ 

5| 47| 28.68) 29.90] —.06| 47.3] 71| 22] 55| 27 39 39| 78 2.4) 18} 13.2) ne. ne. | 18 7| 19) 7.6) 
52.3} —1.7 66 0.5 6. 
50} 28.89) 29.91) —. 03) 52.5] —2.6} 7 30 44 47| 70 13} 9.6) n. n. 19] 7.4) .0 
8} 28.13] 29.91] —.01| 53.6] 85] 28] 64) 25 43| 46) 38) 62 12} 10.2) nw. | 32] mw. | 14) 10] 13) 6.0) .0 
11} 44) 28.35) 29.92] —. 02] 50.6] —2.0| 77} 28] 60) 27 41] 33] 45] 39] 69 2} 15] 10.5) nw. | 31] nw. | 12 10} 16| 7.1] 
12} 51.6] —2.1] 75] 21] 62] 30 41] 39) 46) 3} 16, 10.0) mw. 3] 14) 
50} 27.93] 29.90} —.03) 53.2} —.8| 81] 28) 62) 30 44 38 9 10. 3} se. 37] se. 1 17} 95.6) T) 
| 61.4) —0. 5.84) +1. 6. 
105] 208] 28. 29. § 85| 65} 35| 48| 28 73 3. 8. 3) 3] 11) 17) 7. 
48) 29.9) 29.4 B. 2} —1.1] 81] 31] 67| 37 49} 76 1.1) 18 21| w. 4} 12) 15) 7.1) 0 
70| 78) 28. 29. —.2| 84] 3] 66) 36 48| 26 47| 74 12 27| nw. | 15) 4} 6) 21) 7.6) .0| .0 
10} 5 29. 7.8} 82| 31] 67] 34 48| 32 48| 76 4.4) 17 28] sw. | 3] 5) 12) 14) 6.6, .0 
66| 16 29. 1.8] +. 5) 85| 3] 71) 38 53| 55| 49) 69 3.8] 15 34| sw. 4) 14] 13] 6.7] .0} .0 
5| 9 29. 1.0} 3} 84] 18] 70} 35 52| 28 50) 71 15 | 33) sw. | 31) 12) 17) 7.3] T) 
29. § .8| —.5| 83] 3] 69) 37 51] 28] 54] 49] 72 2.7) 16 19] nw. | 15] 3] 7.2} Ti 
29. —. 86] 18] 40 54 56| 51) 68 3| 16 31] w. 5| 4) 6) 21) 7.5) .0} .0 
| 29. § +.4) 87] 20) 47 60] 61| 56] 71 0} 15) 26| nw. | 23] 15] 12) 6.4) .0| 
25| 29. 2.2} +. 5) 86] 3] 72) 37 52} 31 51] 72 7| 15 24] w. 4} 5| 15) 11/ 6.1) 
87| 3] 74) 37 54| 29 51] 69 14 33] nw. | 14] 12) 15) 6.8) .0 
. 8] —1. 2) 87] 20) 74) 44 53| 68 6| 1 sw. 11] 11} 9} 5.5] .0} .0 
71 7 6. 

88| 18] 41) 12 7; 1 sw. | 4 15} 11) 6.2} 
Me 88] 31] 39] 8| 56) 32] 58 16 34] sw. | 18 9| 17) 6.9] .0 
88| 31] 74| 37) 54) 28) 57 0} 18) 27| w. 13] 14] 6.5} 
85| 20] 74 38] 25) 59 3] 16 32| s. 11] 13] 6.2) .0 
90| 18] 75) 8] 54) 58 7 35] sw. | 2! 6| 12] 13) 6.4] 
83} 2] 70) 34) 8] 52) 30| 55 6| 19 37| nw. | 8 8| 18) 6.7) T 
84| 29) 70) 34) 52) 54 1] 15 34] nw. 4} 197.4) T 

91| 28] 67) 35| 8| 47 49 7} 14 30|;nw. | 28] 4] 16] 6.2) .@ 

84| 2) 68| 34) 7] 51] 29) 52 | 2} 12 37| nw. | 4] 3) 13) 15) 7.2) 3.0 
83] 1) 34| 6) 47 49 3 34] s. 1 14] 6.1) .0 
4 7 6.8 

90} 27| 64) 30) 8 4 1 w. 11} 14) 6,8) 1. 
79| 26| 59} 30} 8] 41) 32) 42 11 33] sw. 4] 23) 7.9] 4.9 
86| 26) 7) 42) 15 25| nw. 10} 15| 6.6, 
85| 26] 34) 36] 44] 36) 62 13 26) w. | 12 5| 2016.8) T 

| 88} 27| 65} 29) 7| 46) 33] 39) 62 13 32| nw. | 13] 14) 6.7) .0 
| 85| 28] 64] 28) 6) 44) 33] 47) 42) 67 19 28] nw. | 24) 16) 8| 1.2 
84| 28) 62} 38} 43) 38] 70 1 42) w. 1 12) 16} 7.0) 3.6 
85| 27| 63} 6| 39| 36) 52 1 50| sw. 10} 16) 6.8) 7.9 
85| 27| 64) 7| 40) 44) 39) 72 1 22] nw. | 24) 3) 14] 14) 6.5) .4 
-8 +.2| 55| 22) 34) 35| 31) 65 19 38| sw. | 27 7| 7.6) 9.8 
6! —.1! 91! 28! 70! 33! 6! 48 51! 45! 70 9 11! 13) 6. 
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TaBLE 2.—Climatological data for Weather Bureau stations, May 1938—Continued 


of 
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punois 
ION L 


60,7) +1.1 


------| 77.6] —1.0} 84] 31] 81) 71) 7] 74 


30. 00)......| 74. 5) 


57 
i 
11) 87|329. 24/9290 


54) 29. 
116)? 29. 92/430. 00) .....- 


y. 


Bos 


107 


141 


4, 
7, 
4, 
4, 


District and station 


| pue yw punois | | 


Middle Plateau 


Middle Slope 


Southern Plateau 


Grand Junction....... 


Independence. 
Winnemucca. -.......- 
Salt Lake City !_....- 


Yuma. 


Albuquerque !_....... 


Am 


1 Observations taken at airport. 


? Observations taken bihourl 


3 


eights__..... 


Region 


Alaska 
Fairbanks... ......... 


Juneau 


West Indies 
San Juan, P. R......- 


* Pressure not reduced to a mean of 24 hours. 


Panama Canal 
Balboa H 
Hawaiian Islands 


Cristobal 


San Francisco........- 
San Diego...........- 


Middle Pacific Coast 


38 Mar 1938 
Pressure | | Precipitation | | 
Bl 
| 
| 
a 
| | | | 
Ft.| In, | In. | In. °F. % In. Miles 10| In. | In. 
5,202] 106] 113| 24. 67| 29. 87|+0.03] 56.0] —0.2| mmm 28| 67] 29] 7| 45] 56 42.7] 13} 82) s. nw. 16] 11] 60 0.0 
0 685} 80] 86} 25.22) 29.85) +.02) 59. .0 28] 72) 32) 47) 38 37) 53 7| +. 7.7) nw. sw. 17) 8 1 .0 
58] 28. 41| 29.86] —.05| 61.3] 26] 70) 32| 52| 32] 54 +3.6| 19] 85) nw. | 6 15 10/1] 
Dodge 509] 86] 27.27] 29.83] —.04| 63.1] 17] 74] 33] 8| 53) 34] 55 70| +1.4 12.6 s. e. | 30\ 11] 10 10 ‘a 
388] 85] 93| 28.44) 29.85) —.05) 64.6) 20) 74) 35) 8| 56) 20) 73} +3.7 10. 8| s. sw. | 18} 11) 
Oklahoma 10] 47] 28. 59| 29.85| —. 04) 68.8] +1. 20| 78] 61| 57] 72 +10} 10| 10.3) s. 8. 11 
Southern Slope 71. 5| 0.9 3] 2.80) 40,1 
56] 28.06] 20. 82| —. 05] 73.6] +1. 20] 85] 42} 8 62} 55] 59] 6.61] +26] 9] 120) s. se. .o .0 
‘0 10} 49] 26.16) 29.82) —. 02] 65.9) +1.8 28) 79; 34) 53 53 4.03) +1. 11} 10.5) s. w. 1 “ 
960} 63| 71| 28.83] 29.79] —. 06] 78. 1| +1. 29] 88] 10) 68| 37] 66 —2.3| 7| 11.7| se. nw. | 7| 10 14] .0 
566| 75| 85| 26. 26] 29.80] —. 02] 68. 4| 28] 84) 35) 10 52) 39] 41) 9.6) s. ne. | 30) 19) 1 
65.5) +0.4 0,23] —0, 
s2| 101] 26.08] 29.77| —.01| 73.1] 27] 86] 48) 10 51 —.3| ow. sw. | 18) 2 0 
5| 30] 24.96] 29.78|...__| —. 28] 80| 30| 7| 46] 43] 45| 27] 33] .02| 10. 5| w. s. | 15 13] 9 9 
38| 53] 23.20] 29.83| +.02| 69] 27| 7 4i| 27] 6.6) n. 5] 13) 13 
0 10| 59] 23.31] 29.80| +.02| +. 63| 15) 7| 34) 46) 46) 13) —1.¢ sw. s. | 3) 
0 51| 28. 66] 29.79] +. 01] +1. 31] 92) 48) 3) 61] 40) 58 —1 6.8) w. nw. | 2 
0 9} 54) 29.66) 29.81) +.02 4) +1.2 31] 94) 51) 4! 61 .00 6.2) w. w. 3} 1 .0 
4 5| 26] 25.92] 29.91] +.07] 13] 36) 7 
4 +0.4 2| 0.92] +0,1 | 
520] 61] 76] 25.46] 29.96] +.05] +2. 70] 3| 43] 45] 34] 50) —.4 7.3)w. | | 15 .o 
0 090} 12 13] 25) 3) 44) 35 isi 1. 58)_..... 9. 4) nw. 32) nw. 4 r; .0 
0 344 8} 56) 25.60] 29.97) +.06) 54.7) +.8 26] 70} 25) 6 44) 33) 54) .80) —.1 7.3) sw. 31) se. 14] 10 Ti .0 
473| 43] 24.56] 29.86] +.04| 53.2] 14] 60} 22) 7/38] 43] 42] 31] 53] 1.82] 41.0] 7| | 35/8. | 18 9 
277} 32| 46] 25.68] 29.90] +. 04] 55. 2|...... 26] 20] 7| 38] 42 56) 11} se. | 33] nw. 12 3} 
60] 68] 25.29] 29.83] 60.1| —i. 27] 73) 35) 7 4 0 n. | 42\ sw. | 15 
Northern Plateat: 56.6] +0.5 1.20] 0.2 | 
36] 54] 26.46] 30.02] +. 06] 52.0] +.3 66} 26] 3| 38| 43 6.6 
739] 79| 27.14] 29.99] +.05| 56.2] —.9 6s} 31| 6] 44| 35] 46] 37] 55] 2.55) 5.6 
0 60} 68| 25.43] 29.93] +. 04] 53.0) —.8 65| 28} 6] 41| 37] 34] 55} 1.64] 15) 8.5) 
0 Spokane, 1, 929] 101] 110) 27.94) 29.98] +. 02] 56.8] +1.3 69} 34) 5] 45) 46] 35) 51) .47| 7. 6) 
alla Walla..........| 57] 65| 28.94| 30.01] +.05| 60.6| +1.0 72| 2| 49] 49| 37] 46] 1.841 6.6 
58] 67] 28.86] 30.00|......| 61.1| +2.1| 94] 74} 35| 4] 48) 37| 48) 34] 41) 7.6 
0 
0 North Pacific Coast 
Region 56.1] +1.8 1.05] —1.3 
0 North Head..........} 211] 11 29.91] 30. 6 3 54} 2] 47] 13) 48 86] —1.0 15.7 
29. 94) 30. a: 67 48] 32] 50! 42] 62 — 8 9.1 
0 29. 89} 30. 3 65; 41) 2) 48} 8} 9.1 : 
0 Tatoosh 86) 10 30.01) 30. 2 54 0} 3) 46) 18) 47) 44] 81 —1.4) 10.7 
0 29 28. 65) 30. 2 75| 33) 18) 44) 43 9} 40) 58 
Portlarid, Oreg........| 154) 68 29. 93} 30. 5 0 49) 32] 51) 43) 59 —1.5) 8 6.7 
Roseburg.............| 510] 45 29. 54) 30. 7 73| +36) 6 62) -L7 4.9 
al 0.22) | 
) 73} 891 30.04] 30.11] 4.06] 51.6) 60] 14] 56] 43] 19] 47] 18] 49] 46] 83] .31| | sain. | 16, 9 14] .0 
) 68.4] 42.0] 97! 13] 80] 42) 3] 57] 31] 53) 39) 39 . 53) —1.0 3 8. 6] nw. 28) nw. 13 11} 
66| 115| 20.87| 20.94] 66.21 95| 24| 80] 44] 3] 52] 35| 55] 46] 56) .04) —.7 7.7| sw. | 26] nw. | 18] 23) 6 2 
) 112] 132] 29.83] 30.00] +.01| 56.6] —.2| 77| 31| 63| 48} 3] 51] 26) 51) 48| 79) T| —.§ 9.9] w. | a3} ‘0 
) 
) 
) 64,8) +1.4 65| 0.06) —0, 
) 
327 69.41 +2.3/ 90] 24] 83} 42] 3] 56] 37] 45] 40] 1) mw. | 18| nw. | 14) 11) 6 0 
338] 1 96] +.01| 63.3] +1.1) 82] 31| 50] 4] 55| 26] 55| 50/60] —.4) 1) 5.7) sw. | nw. | 216 ‘0 
87 95| 61.6] +.8| 79| 7| 67| 51 2| 56] 52| 76] .15| 4] w. | 24) w. 11] 9 
) 
) 80.2) —. 5) 90) 10) § 1 nw. 22) n. 9} OF 13) 7.1 .0 
81.2} +. 5) 90] 30) 86 n. | 20) 8| 22) 8: “0 
| | 
+.7| 75) 23) 60 27) s. 19 16] 13) 7.0} .0 
96 70) 22) 52 29) se. 11] O| 4) 2719.3) T) .O 
5| 32 42.1) 56) 29) 44 nw. | 12 10| 5) 16)....| .1| .0 
| -.3 25| ne. | 19} 7/15) 967) .0 
| ~ 
| 
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TaBLe 3.—Data furnished by the Canadian Meteorological Service, May 1938 


Pressure Temperature of the air Precipitation 
Altitude 
— Station | Sea level 
mean n 
Station sea level, || reduced | reduced Mean | Mean Total 
Jan. 1, || tomean | tomean| meen tom - mini- | Highest | Lowest Total from | snowfall 
1919 “ 24 of 24 normal || min.+2| normal mum mum normal 
Feet In. In. In. oF. oF. In. In. In. 
Cape Race, 38.1 43.9 32.3 56 27 4. 66 +0. 30 T 
§ a Cape Breton Island 48 29. 83 29. 89 —0. 08 46.3 +.1 56. 4 36. 2 74 29 2. 51 —. 94 0.6 
Halifax, Nova Scotia 88 29. 65 29. 92 05 48.3 —1.0 55.4 41.2 72 33 3. 68 —.49 0 
Yarmouth, Nova Scotia_.........---- o 65 29. 82 29. 93 04 48.2 +.2 55.7 40.7 67 33 2.71 —.84 0 
Charlottetown, Prince Edward Island_-. 38 29. 81 29. 89 —.06 48.2 +.4 56.5 39.9 72 32 2.71 +.14 T 
Chatham, New Brunswick.......------ 28 29. 78 29. 89 —.06 47.7 —1.7 58. 4 37.0 83 27 3.61 +.41 0 
Father Point, Quebec. .-.- 20 29. 87 29. 89 —. 03 45.8 +1.4 52.5 39. 2 73 31 1,95 —. 88 0 
Doucet, Quebec. -....-- +3.7 61.6 33.5 78 22 1.34 —1. 57 .0 
Ottawa, Ontario__....- 236 29. 64 29. 89 —. 03 54.1 —1.5 64.9 43.5 78 34 2.04 +. 26 .0 
Kingston, Ontario. 285 29. 62 29. 92 —.03 54.7 +1.4 63.0 46.5 77 36 1,10 —1L& .0 
Toronto, Ontario-..- 379 29. 52 29. 94 —. 03 55.2 +.9 63.9 46.4 78 36 2.15 —.77 T 
Cochrane, 49.3 +2.8 61.3 37.4 79 2B 1.90 —.32 3.8 
White River, Ontario___-. 1, 244 28. 62 29. 96 . 00 49.8 +2.4 62.9 36.6 77 20 1. 46 —.74 a 
London, 54.2 -1.6 64.5 43.9 80 29 3.99 +.73 T 
BS Southampton, Ontario. 656 29. 24 29. 94 —.02 51.2 +.3 60.5 42.0 80 32 3. 34 +.73 .0 
Parry Sound, Ontario_. 688 29. 26 29. 96 . 00 53.8 +1.8 64.1 43.4 s4 33 2. 58 —.35 by 
a Port Arthur, Ontario-__--- 644 29. 26 29. 96 —.01 47.2 +.2 55. 2 39.2 72 26 2. 56 +. 46 .0 
Minnedosa, Manitoba..-- 1, 690 28. 12 29. 94 . 00 49.5 —.3 61.5 37.6 78 24 1.12 —. 66 T 
Qu’ Appelle, Saskatchewan. -. 2,115 27. 64 29. 92 —.01 49.4 -.8 60.5 38.3 83 24 2.01 —.09 ol 
Moose Jaw, 51.6 +.3 62.6 40.7 88 27 2.40 +. 42 
, at Swift Current, Saskatchewan-_..-- 2, 392 27.36 29. 94 +.02 50.9 -.4 61.4 40.4 89 27 2.12 +. 21 T 
Cy, Medicine Hat, Alberta_-- 2, 365 27.44 29. 92 +. 04 53.2 —2.0 63. 6 42.8 86 29 2.35 +.73 4 
rer Calgary, Alberta_....-- 3, 540 26. 30 29. 98 49.0 +.1 59.7 38.4 78 26 3. 44 +1. 27 1.6 
Prince Albert, Saskatchewan 1, 450 28. 43 29. 98 +. 03 50.8 +1.0 61.7 39.8 89 24 1.32 -.ll .6 
Battleford, Saskatchewan --.-... 1, 592 28. 20 29. 92 . 00 50.7 +1.3 64.3 37.1 87 25 1.76 +.14 1 
Edmonton, 2, 150 27.66 29. 94 +. 06 51.1 -0 63.8 38.4 82 25 1.43 —. 2B 1.6 
Kamloops, British Columbia. -. 1, 262 28. 68 30. 04 +.11 59.6 +1.9 72.9 46.2 91 34 35 —. 56 .0 
Victoria, British Columbia_--... 230 29. 85 30. 11 +. 08 53.0 .0 60.1 46.0 73 39 54 —. 55 T 
Estevan Point, British Columbia_....-. 20 50.0 +.8 55.4 44.5 65 38 5.33 —. 03 0 
Prince Rupert, British Columbia_-...... 170 48.6 +.3 55. 6 41.5 72 34 4.20 —1.12 .0 
St. George’s 30. 06 72.8 +3.7 78.0 67.6 S4 64 6.31 +2.11 
ORTS FOR APRIL 1938 
Cape Mace, Newfoundland_-........-... 32.2 —0.6 37.3 27.1 46 16 | 7.28 +3.19 13.2 
31.6 43.7 19.4 75 | . 36 3.6 
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TaBLe 4.—~Severe local storms, May 1938 
[Compiled by Mary O. Souder from reports submitted by Weather Bureau officials] 


[Tho contains exch have Gath A revised list of tornadoes will appear in the United 
States Meteorological Yearbook 
Width | Loss| Value of 
Place Date Time of path, | of operty | Character of storm Remarks 
yards life yed 
Russell, Minn., and vicinity. 1 | 3:45 p.m. $5,000 | Thundersquall | Roof of high school torn away, several small buil wrecked; green- 
-- and hail. > house damaged; number of telephone and power lines down; some 
damage to newly seeded fields. 
Clark County, Kans., south- 4p.m....... 115 10,000 | Heavy hail_......- Damage mostly to crops; path 25 miles long. 
tern portion 
Protection . and Coldwater, 1 | 5:45 p. m_..-. 880 0 35, 000 | Tornado_.......-- e moved from the southwest; 1 person injured; many farm buildings 
Kans., and v 
Sun City and Isabel, Kans., and 1 | 7:30-8 p. m_- 11 0 10, 000 | Tornado and hail__ Sto moved from the southwest; 50 percent loss to wheat crop by hail; 
icinities pa miles long. 
Anlington, Kans., vicinity of... 1 | 9:30 p. m_..- 880 0 12,000 | Tornado.........-. Storm moved from thesouthwest; 2 persons injured; path 244 miles!ong. 
Cunningham, Kans. “vicinity of. 1 | 9:30-10 p. m_ 200 6 100, 000 | ..... = SORSREREE: Storm moved from the southwest; 20 persons injured; al) buildings en 1 
oo somemetaty blown away; many other farm buildings struck; path 
miles long 
Pennington, Wis. ...........-.- 2; P.m 500 hail_.......| Windows broken; roofs and automobile tops damaged. 
Reckterd = ~ aes City, 2 600 | Wind............- Barn moved 20 feet; cow killed; chicken house demolished. 
yo 
Minas southwestern cen- 3 | 2-7:15 p.m 1 185, 400 | Thundersquall_...| Number of farm buildings demolished and others ; poles and 
= and southeastern por- 5 down; trees uprooted; 2 persons injured; some livestock and 
ons. y perished. 
Norton, Kans., 4 miles south- 3/)5p.m Tornado........-- no damage reported. 
east. 
Franklin Counties, 3 | 5:10 p.m 500 | Hail_..............] Windows and glass in greenhouse broken; fruit trees damaged. 
a. 
Argonia, Kans., vicinity of_....-. 3 | 5:15 p. m_... 440 0 10, 000 }-.... Poianccssiesd 8 whirling clouds seen; several barns and outbuildings demolished; loss to 
crops, $1,000; storm moved from the southwest over a path 9 miles long. 
Crowell 3/6p.m 100, 000 | Heavy Loss to crops, $100,000; property damage not estimated. 
is. aye 3); P.m Heavy rain, elec- | 1.76 inches of rain in an hour recorded. Basements and streets 
trical and hail motors stalled on meewers, much damage to newly seeded gardens. 
Antigo, Wis., vicinity of.......- ) 33 0 10,000 | Tornado..........] 2 — intunee by debris; 4 barns demolished and a house damaged; 
0 minor damage. 
La Crosse, Wis ene MMe a Pee 25,000 | Thundersquall....]| 1 person injured; buildings and power lines damaged. Storm covered an 
area of 30 square miles. 
Neva, Wis., vicinity of. | ce See aeere meer 900 | Hail Area of 4 square miles affected. Some hailstones as large as 
Sedgwick County, Kans 6,000 | Wind. Damage in Wichita, $5,000. Residence demolished; small 
moved from their foundations; wires down. 
Allen County, Kans_........... 4 | 8:30 a. m__.. 100 0 1,000 | Tornado........-. Storm moving from the south originated 4 miles west of Moran. Farm- 
La H and Colony 4/9 500 | Wind. Se if b siviings de trom = 
y veral farm buildings or 
to 3 miles wide and trom 25 miles 
Franklin County, Kans., east- 4} 9:30a.m 1,000 to farm pro’ 
ern portion. 
Olathe, Kans., vicinity of....... 4 | 9:56 a. m_._. 5 0 200 | Tornado..........] Slight damage to a residence and to power lines. Path of storm east 
southeast over a path 440 yards long. 
Warsaw, Mo llam 0 | 2, 000-3, 000 Property damaged. 
Cameron, Mo., vicinity of.....| 4} A.m 0 1,000 | Tornado..........] D buildings, and trees. 
Kans., 2 south- 4)3p.m 0 1,000 Path thort and not 
east. 
4 | 7:30-8 p.m... 110 4,000 | Wind...........-- Property damaged; path 10 miles long. 
Rosendale and Byron, Wis_.... 4] 8p.m_...... 2,000 | Thundersqualls...]| Property damaged; path 25 miles long. 
Lowell, Wis., vicinity of.......- 4] 10 p. m_..... 1,000 damaged: path 15 miles long. 
Aitkin ‘County, ) WRENS 4] P.m. 12, 100 | Rain and _...| Heavy rains caused much damage mainly to highways. 
Wabasha County, Minn. “TS Heav excessive rains in the lower Zumbro and Whitewater River 
Che overipwing of streams and the flooding of low- 
Cambridge, C Galva, 4 18,900 | Wind. ....c<csce Property damaged, 
Sciota, Swan 
Creek, ‘Woodhull, Il. 
Ludlow-Chula, Mo., and vicin- 4 d 0 10,000 | Tornado-.........- Buildings, roofs, and trees damaged; outbuildings wrecked. 
Chillicothe, Tex., vicinity Heavy hail........ Crop loss, 50 percent, amount not estimated; path 20 miles long. 
Vernon, Tex 100, 000 | 000 loss to crops; damage to roofs, trees, and shrubs not estimated. 
Houstem, h winds much damage to roofs, electric wires, and trees; amount 
of damage not estimated. 
Barker-Fairbanks, Tex_......-- 6 } 1:30 p. m_..- 110 0 4,000 | Tornado and hail . — from hail not estimated; no details 
Coffeyville and Angola, Kans., 6 | 56 p. m..... ST oe 55,000 | Heavy hail_......- Loss to crops, $30,000; property damage, $25,000. Storm moved from the 
and vicinity. southwest over a path 13 
6 | 5:15 p. 4,000 | No details. 
yville, Kans..............-| 6 | 5:30 p. m....}..-...-..- 100 | Tornado.........- Several small buildings destroyed. Storm moved from the southwest 
over a narrow path 100 
Duncanville, 6 | 6p. m_....-- 12 70, 000 hail and om, ,000; additional damage to smal! buildings not estimated; 
wind. pa m on. 
Oklahoma City, Okla........-.] 1, 000 Fall of hail heavy; stones small. 
Chicago, Il., and vicinity_..... 6}. i , 3 children injured 
Lawton, 100, 000 | Wind and hail..._| Property 
New Or Gust velocity of 43 miles per hour at Shushan Airport. Trees blown 
oes; damage to electric power lines in downtown sections of the city. 
Boone County, Ark....-.------ 7 | 44:30 a. m_- 440 0 9,500 | Tornado........-- Buildings damaged or destecpees trees Storm moved toward 
the east over a path 15 miles long. 
N. C., 7\7p.m 2,500 | Wind............- Property damaged. 
no’ 
Minnesot h-central 8 ahaa | an extended period of heavy rain, streams overflowed their 
counties. highways and lowlands inundated and several bridges washed 
Sugar Loaf Key, Fla...........- 10 | 1:40 p. m.... 100 0 250 | Tornado......--..| At t Pirates? Cove etins Camp, about 23 miles coat-narthenst of coy 
41 Damage to — screens, and a small sh Path 1 
mile long. 
Clay and Geary Counties, Kans. 10 | 3-4:30 p. m.. a} Beeeriate 10,000 | Heavy hail_....... was covered 4 to 6 inches with hail. Property 
“a Chief damage to wheat; path 2 
Ness City, Kans., vicinity of... 11 | 4p. m.....-. 12-4 10, 1... path 8 miles long. 
Haskell, Tex. $@ hiss... 40, 000 do. lees to erope only; some damage to roots; 7 miles 


Amount 
long. 


938 — = 
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See footnotes at end of table. 
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TaBLe 4.—Severe local storms, May 1988—Continued 
Place Date Time oft oan of M ee! Character of storm Remarks 
yards "| life 

Spearville, Kans., vicinity of... 1j $10,000 | Heavy hail.._..._. Lem mestiy to qogs. Storm moved from the northeast over a path 5 
m 

Byperia to Neosho Rapids, RIE Bee 140, 000 do. Loss to wheat and other crops; path 35 miles long. 

B Hill, Loss to wheat crop, 75 percent; path 10 miles long. 

Bunker Hi a ETS §3-4 |...... 7, 500 |....- Dicpanouscinnsia Loss to crops; storm moved from the northwest over a path 8 miles long. 

Bavaria, vicinity of....- 12,000 Loss to wheat crop; path 6 miles long. 

Chase County, "Kans. .....-.-.- 5,000 Loss to wheat; $0,080 12 miles long. 

Yates Center, Kans. & of. 67,000 Crop property damage, $7,000; 14 miles long. 

a oe Seer, Kans 11 3, 000 do. Loss to in some places 70 percent; 8 miles long. 

nity of. 
Hardy, Nebr., to vicinity of 124 100, 000 | ..... et een Loss of 20,000 acres of crops. In Belleville, Kans., hail fell to the depth of 
Clyde, Kans a! a foot, in spots, with $15.00 property damage. Path 40 miles long. 
Ellsworth County, Kans. Sibel 112 1,000 do. Loss to crops; path 15 miles long. 
Weskelie, 4% and Gosper 0 85,000 | Tornado..........| Property damaged. 
ounties, 
12 | 4p. m-....--] 14 000 | Heavy hail_.....__| Loss to crops; path 12 miles long. 
Anson, Tex 12 7p. TS. 17 21, 500 = 4 hail and or AT, by hail, $20,000; damage to roofs by wind, $1,500; path 
w ong 

Stamford to Tuxedo, Tex.....-.- 13 | 5:30 p. m__.- 15 120,000 | Heavy hail_.....__| Loss to crops; additiona! small damage to roofs; path 10 miles long. 

14 Sp. m 4,000 | Wind and rain....| Roof of hangar lifted fr from its base and moved 10 feet; an airplane damaged; 
circus tent blown down. 

14 | 7:30 p.m 5,000 | property damaged. 

County, Ind....... 4 2,000 | 

ville, Tenn... 14-15 On the 148 Iith visibility reduced to 4 miles. Storm persisted until the after. 
noon 0 
Sinton, Tex., vicinity of......-- 16 1 Tornado and rain_. c-” a Td, barns destroyed. Rainfall in this vicinity averaged 
m 
Southern Bee, western Refugio 16 4, 500, 000 | Straight-line wind_| Small noted near Sinton, but damage given caused by wind. 
hern San Patricio 
oun ies, ex, 
Bolivar my Coahoma Coun- 17 | 3p. m....... 100 25,000 | Tornadic winds...| Storm moved southwest to northeast and crossed about midway of if the 
ties, Miss. Counties. 12 persons injured; property dam- 
pa m ong 

17 | 5: p. Squall_............| Trees uprooted; electric service interrupted. 

Kingsbury County, 8. Dak..--- 17 Pn m Heavy rain.......- About 60 feet of tracl-Xkage and a 7-foot culvert of the Great Nortrn Rah 
road, 5 miles northeast of  Seneen, w out. Fences on farms 
damaged and poultry drow 

Hastings and Jordan, Minn---.- 17-18 157, 135 | Rain and flood....| Heavy to excessive rains waned out 200 feet of railroad track, 3 miles 
north of any = hoge stretches of track in the vicinity of Inver Grove, 
Jordan, Belle ¢, and Granite Falls. Basements, streets, and —_ 
ways flooded. Many acres of lowlands under water. Section of High- 
land Park stadium bleachers washed out at St. Paul. 

River Falls, Wis., and vicinities_| 17-18 100, 000 | Heavy rain........ — bridges washed out. $100,000 damage to the Burlington Railroad 

from Prescott to St. Croix Falls. About 14 miles east of Prescott a 

railroad bridge and 460 feet of roadbed washed out. Highways in St. 
Croix, Pepin, and Dunn a ag) inundated. 

Montana, central and southern | 17-21 - Heavy snow......-. Wet snow up to 4 feet reported. Thousands of dollars damage to forest 

portions. timber as well as shade trees in many towns and cities. In some 4 

forested areas, as much as 10 percent of — timber down. igh 
mountain passes blocked from several hours to 2days. Rock slides and 
fallen timber added to the difficulty of oo hi ~ my Fruit trees 
considerably damaged in the Bitterroot Valley and much of the winter 
wheat crop badly flattened in the Gallatin "Valley. Plane and rail 
service affected. Communication and power-line interrupted 
with thousands of dollars’ . In Anaconda the weight of the 
heavy snow crushed the walls of a garage, bur. 3 automobiles. 
Warm Spri heavy loss of game birds pens collapsed 
at the State Game Farm. 

Anthany, Kans., 8 miles north- 18 | 3p. m....... 100 0 1,500 | Tornado.........- Damage to farm buildings; 1 person injured; path 440 yards long. 

Sedgwick County, 14, WIRE... Damage in Wichita, $10,000; in the southern portion of the county, $1,500. 

Delaware, Dubuque, and Jack- 18| P.m 0 , 000 | Tormado---__.....- Storm moved from west to east wrecking all buildings on 1 farm and 

son Counties, Iowa. damaging buildings on 3 others in Dubuque and Jackson Counties. 

Grand Rapids, Mich.?......-.--. 19 | 2:56a. m.-10 Heavy rainfall, | 2.88 inches of rain recorded. Street flooded with several inches of water. 

p. m. x All emergency crews at work to kee 1 power and light on. Washouts 
and inundated eae reported A A the Michigan State Highway 
Department, making it necessary to traffic. 

Culpeper County, Va-...-...--- 19 | 1:30 p. m__.-. 900 0 2,000 | Tornado..-....... pee moved = southwest to northeast. Property damaged over a 

miles long 

Milwaukee, Wis.,? and vicinity- 19 | 5-6 p. m. Heavy rain, elec- | 1.10 inches of rainrecorded during this storm. Streets flooded with 2 feet 

a ™ of water; sewers inadequate; traffic disrupted; scores of motors stalled. 
Lightning struck 2 electric power wires in the northwestern part of 
Milwaukee County disrupt a over 8 wide area. Many high- 
ways in Eau Claire, Dunn, 2. Pierce, and St. Croix Counties 
impassable due to bridges and verts being washed out or inundated 
y flood waters from swollen streams. 

Chicago, Il 19 15,000 | Thundersquall....| Apartment house damaged by fire; church steeple struck; trees blown 
down in many sections of the city. 

La pants and Allen Counties, 19 23,000 | Wind............. No details. 

Rock Island, Ill......---------- 19 1,000 do 

volt, 19 Damage ful e to wires. Woman killed by stepping on high- 
troit, M 1 1 ..--| Considerable age 

spare tension wire. During the heavy rain visibility was ae to zero 
making it impossible for traffic to to move. Street flooded from curb to 
curb for several hours after the storm. 

Richmond County, Va., lower 20 | 3:30 p. m-... 900 3 5,000 | Tornado.._....... Storm moved from west-southwest to east-northeast. 2 persons injured; 

portion. property damaged over a path 30 miles long. 

Idalia, Colo- 20 | 6p.m-......-| 110-15 25,000 | Heavy hail........ mall D ont and gardens almost completely destroyed. 

Jones County, N. C.......-.-.- 20 | 6:30 p. m 3,000 | Wind............. Barns damag 

Bhee h omas, 20-21 7 1 18-12 500, 000 Heavy in Colorado; Path 130 miles long extending from the 

rman, Cheyenne, Thomas, m.-l a. vy hail........ rm " 
Rawlins, peer. and Nor- - State line to Phillips County. Principal loss to wheat crop. 
ton Count 
Gallipolis, Ohio, vicinity 1, 500 do. Loss to crops. 
Clinton, Mont- 21 13 do. Gardens damaged, windows broken. 
ome ounties, 0. 
Clay and Riley Counties, Kans- 21 | 3:30 a, m...- 13-6 100, 000 do. Chief loss to wheat which was ee = 4 destroyed in spots. Property 
4 o damage in Clay Center, $25,000. Path 35 miles long. 


See footnotes at end of table. 
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TaBLe 4.—Severe local storms, May 19388—Continued 
Width | Loss| Value of 
Place Date Time of path, | of } Character of storm Remarks 
yards | life yed 

Hawley, Tex 21 | 6:30 a. m_.-- 175 0 $2,300 | Tornado......-..--| _ damage to an oil rig and buildings; $300 crop loss; path 5 miles Jorg. 

Sumter, 21 | 8p. m....... 35 0 500 do. 's of 8 dry kilns at Sumter Brick Works blown off; dwelling and barn. 
aay. . Storm moved from the northwest over a path 880 
yards long 

Tl 21 1,000 | Electrical.........| Barn and content burned. 
21 | Damage to roofs, silos, and windows. 
Evansv: 21 Thun — ora Growing crops by rain and hail. Sewers inadequate; intersec- 
sections 
Grant, Green, M Knox, 21 272,000 | Tornadoes... ...-- No details. 
and Owen Gounties, ind. 
Ivan, Tex... 22 | 3p. m....... 250 4 7,000 | Tornado..........| 10 pameme injured; crop loss, $7,000; small damage to buildings not esti- 
Ada and Duncan, Okla., and 22) 6p.m 0 100,000 | Tornadoes and | 4 persons infused; 6 homes in Ada demolished and over 20 others unroofed. 
vicinities.? rain. ag and outbuildings wrecked and trees down. Roofs blown off 
uncan. 

Comanche County, Tex 22 do }} 000 | Tornado.........-. Property damaged 

Waldron, Ark., 2 miles north... 22 | 10 p. m_..... 50 1, 100 do. Houses ——— ate ered or unroofed. Storm moved north-northeast 
over a pa m ong 

Yell County, Ark...........--- 22 | 10:35-11 p.| 440-880 0 12, 000 |.-... we ieee eo injured; 3 houses destroyed; other property damaged; path 40 

m. 
and Conway Counties, 22/11 p. m-| 150-440 2 20, 000 do 10 persons {ojured: a church, 7 residences, several barns, a cotton store- 
rk. Midnight. house, a seed house, and 2 gin houses destroyed. 

Cisanaes and Van Buren Coun- 22; P.m 1,000 | Wind__...........| Several ‘oubtuildings blown 

Wasting County, 3 22 5, 000 rain.......| Roads and bri ed. 

Person County, N. 23 | 2p. m 1,000 | Wind... Roofs blown of4 bui 

and Coun- 16 Heavy hail_....... to crops, windows, roofs, and automobile tops; path 10 

es lo: 

St. yt SS Saas 23 | 3:30 p. m 0 5,000 | Tornado-_........-. Hotel coef blows off; trees blown down; telephone and electric service 
‘ ey oe windows broken and residences damaged. Storm moved 
rom south 

Green, Fayette, Washington, 23 | 5-9 p. m. 0 75,000 | Heavy hail and | Hail 6 inches deep in eastern Green County. Loss chiefly to crops. 

Allegheny, Westmore- 

Pay esappeininpeits —— 23 | 5:20p.m_...| 440-880 2,000 | Tornado--_-_......- Storm moved from the southwest over a path 15 miles long; property 

Salem Township, Pa..........- 23 | 6p. m_...... 75 8,000 |... Damage chiefly to small buildings; loss to crops small. 

Richmond, Va 23 | 8:30 p. m 3, 000 ag Property damage. 

Alfarata, McClure, and Beaver 23 | 9p. m_-....-. i] 200,000 | Wind, elec- _— serious — 4 ye with 40 houses unroofed throughout the 

trical. in McClure and Beaver Springs. Hundreds of 
fruit trees McClure. Some evidence of tornadic action 

Aurora, Ind.,? and vicinity. -...- 23); P.m Rain The Ohio River overflowed; much bottom land inundated; loss to corn 
x. 

Maysville, 8. C............. 0 2,000 | Tornado.......... A 2story school wrecked; several houses damaged. 

Pendleton, 8. C_............. 23 | Midnight-.- 5,000 | Electrical. ........ Church destroyed. 

Thompsonville, 23 5,000 | Wind_............ Property damaged. 

Bowling Green, Ind.’ 23 SRR” “SSL er sweat Trees uprooted; chimneys blown down; roofs damaged; no electric service 
for severa! hours. tree blown into Eel River carried the flood 
crest to State Road 42, west of Poland, where supports from a tem- 
porary bridge were torn away, delaying traffic for several days. 

Vincennes, Ind.,? and vicinity. 23 _..-| Wind and rain._..| Storm most severe ———. in recent years. Section of a brick wall 
blown over injuri Large trees uprooted blocking motor 
streetcar traffic.’ utile 7 blown down. to peach and apple 

Buffalo, N. Y 23 1 eS SE Outs de the harbor in Lake Erie, a Stag eopaiend and the captain drowned. 
Some row sailboats torn from their moorings. 

Nash County, N. C., eastern 23 6,000 | Wind............. Damage to barns and cutvuidiogs. 

Giles and Marshall Counties 23 20,000 | Hailstorm_........ Crop loss, $20,000; property damage not estimated. 

Besoin and Didtees Come 23 Rain and hail_.... Loss to gardens, grain and tobacco plants. 

ies, Tenn. 
Norfolk, Va. 24 | 2:50-7:50 2,000 | Thunderstorm....| Property damaged. 
. m. 

Tonia, Kans., vicinity of........ 24 nm = 11 5,000 | Heavy hail_....... Path 4 miles long; no details. 

‘Springs, 8. Dak., 24 | 5:30 p.m Loss to rye crop. 
vicinity 

— 3 Kans., 12 miles 24 | 6p. m_......| ae 12,000 | Heavy hail_....... Loss to crops; path 3 miles long. 

northwes 

Lincoln and Ellsworth Coun- 24 | 8:30 p. m.... 115 175, 000 do Storm covered west-central part of Lincoln County and northern portion 

ties, Kans. of Ellsworth County; much wheat total loss; path 15 miles long. 

Russell, Kans., 8 miles west... 24 | 6:30 p. m.... do. to iy wide and 2 miles long. Path 4 

not est. 

Kans., and vicin- 2% | 6p.m 13 30, 000 do Dawah wheet total path 5 miles long. 

Lincoln County, Kans... -.....-. 26 | 9-10 p. m_... 16 75, 000 |....-. ere Loss to wheat crop; path 12 miles long. 

la, , Vicinity of..... 26 | 10 p. m_....- 000 |....- Loss to wheat, path 5 miles long. 

Milton to Youngsville, La_....- About 300 acres of cotton and 300 acres of corn total loss. 

wood, Iowa, 10 miles east... 26 Fields washed; gardens ruined; trees stripped; loss in grain, 
, Okla.,? vicinity of... 26, Wheat crop total loss. 

Edinburg, Tex., vicinity of..... 27 | 4p. m_...... | Rae Loss to crops; path 5 miles long. 

Honey Grove, Tex........----- 27|6p.m Loss to crops. 

Sivells Bend, RR 27 | 7p. m._..... 11% Loss to crops, accurate estimate unobtainable. 

Tola, 0 27 e542... — to roofs, windows, gardens, fruits,and early corn. Path 4 miles 

Pocahontas, Mitchell, Floyd, 27 Fiside, flooded; fences and highways damaged over scattered areas. At 

Marshall, Ly and ‘Du. Osage, in Mitchell County, 4.85 inches of rain fell with damage over an 
buque Counties, owa. area 10 miles square. At Tama 4 inches of rain fell in an hour with 
water waist dee ~4 in some streets. Streets flooded in Dubuque; retain- 
ing wall wrecked; pavements and sewers damaged by 1.90 inches of rain 
in 25 minutes. e to tangible property several thousand dollars. 
ae damage very large. Replanting of corn necessary; smal] grain 

oss. 

Maumee, Ohio.............---- 28 | 7:20 p. m...- Heavy hail and | Heil destroyed gardens; trees badly damaged by wind. 

w 

Stamford, Ark., vicinity of..... 28 | 7:30 p. m.... 400 0 4,000 | Tornado_........-. 5 houses and 2 barns destroyed; several farm animals killed; storm moved 
southeastward over a short path. 

Evansville, Ind., and vinicity.. 238 3,000 Seapeeeorm Streets flooded; traffic delayed; electric service interrupted. Hail re- 


See footnotes at end of table. 


ported north of Evansville and along the Wabash in Posey County i 
was reliably reported that residents gathered hailstones and mad 
cream with them. 
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TaBLe 4.—Severe local storms, May 1988—Continued 
Place Date Time ~ of Character of Remarks 
pa y 
yards | life 
Jackson, Kalamazoo, and Ce- 28 Thundersquall....| 1. in 20 damaqeend 
resco, Mich. this industrial center into partial darkness. 2 persons injured in motor 
accidents attributed to the storm 
Cherokee County, Kans_....... 28-29 | P. m........ 11 $100,000 | Wind and hail....} Pri oetoel | loss to crops; Many roofs and automobiles damaged; path 15 
m ng. 
Eureka Springs, Ark., and vi- 29 | 1-44. m..... 15 000 | Heavy rain and | Roofs, automobile tops, and crops damaged by hail; many build 
cinity. hail. damaged by water. 12 trestles oad | 6 miles of of t 
Missouri and Arkansas Railroad w out between Eureka CA 
and A with $400,000 damage. Crop loss, $100,000; property dam- 
29 | 5:30p.m....| 50-100 0 25,000 | Tornado.........- A ‘Sas station, garage, 6residences, and a church demolished. Shed 
of a lumber yard unroofed and 40 other buildings demolished 
Mts 29 | Midnight. Cloudburst_....... 200 holiday campers narrowly escaped drowning when a 
oudburst broke a fish ony og 4 and sent water up to 10 feet deep 
rolling over the campsites in Roaring River State Park. About 40 
automobiles submerged in the flood and many washed down stream. 
Thousands of dollars’ loss in Fae: effects and camp equipment. 
About 60,000 trout lost with hatchery dam. More than a dozen 
persons spent from 2 to 4 hours perched in trees, several holding small 
children in their arms. 
Auburn and Skaneateles, N. Y.*. Wind and rain... reported from the heavy rain. Streets flooded and 
ens da’ 2 
Gove and Trego Counties, | 29-30} P.m_.-....-. 14-6 |_...-. Loss chifly to wheat, in some places a total loss; path 40 miles long. 
ans. 
Lane Seaaty. Kans., northern 30 | 5a. m.....-- | eo Loss in 100,000 acres of wheat; path 30 miles long. 
rtion. 
30 | 9a. m....... 14 Wheat crop damaged; fruit knocked from trees; poultry killed. 
Tucumcari, N. 30 | 9:30 .| Windows en; roots 
Byeatenes- Cornell, and Pitts- 30} 6p.m ms Property damaged; trees and power lines down; loss not estimated. 
urg, Kans. 
Ellis County, 30 6:30 p. m...- Principal loss in wheat; path 15 miles long. 
Atmore, Ala., vicinity Mule killed by lightning and barn burn 
Carthage, Mo., and vicinity... damaged; $5,000 estimated damage to a manufactur- 
plan 
Green County, Iowa--.-.-....---- iis Sew * 10,000 | Heavy rain, wind, | Loss to crops because of flooding. In Jefferson, lightning struck a cable 
hail. = 75 telephones out of order. Near Churdan, feet of railroad 
y win oss to crops, $6,000: y 
Des eg: Aimes, and Leon, 31 a= Electrical........- 2 residences and barns burned; damage to ny 
low 
Ta fer, ’ Page, Union, Audubon, 31 Heavy rain__...... Town of Brayton surrounded by water for several hours. Fields badly 
d Carroll Counties, lowa. washed, necessitating much of corn. 
1 Miles instead of yards. 
1 From press reports. 
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